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DATABOOK FOR
HUMAN FACTORS ENGINEERS

VOLUME |
HUMAN ENGINEERING DATA

FOREWORD

The information collected together in this databook represents data most often used
by practicing human factors specialists as determined by a survey of well known
practitioners of human engineering. The purpose of this handbook is to provide a
convenient method for taking the most used reference information directly to a job remote
from the specialist’s regular book shelf. Although it is recognized that such a collection may
not be as complete as desired, an attempt has been made to cover as many topics as feasible
within the context of a handbook. The included materials have been taken directly from
other sources and in a few cases represent original data.

Volume I of the two-volume series contains typical human engineering data useful in
determining optimum design characteristics of equipment operated or maintained by human
operators andf/or maintenance personnel. Volume II contains formulas, nomographs,
metrics, conversion tables, symbols, definitions and abbreviations and/or acronyms which
may be required at some time during the project activities of typical human engineering
specialists. This information, although available from other sources, often requires that the
human engineer search through numerous texts, handbooks, specifications or guides in order
to find what he needs.

It is hoped that, by providing this collection of information in a more convenient
form, the human engineer will find his job simplified. These volumes are not meant as an
educational too! and thus, the books provide very little text.

Suggestions for future revisions are solicited. These should be sent to Mr. Charles
Kubokawa, Man-Machine Integration Branch, NASA-Ames Research Center, Moffett Field,
California, 94035.



REV.SION SUGGESTION FORM

FLV - Mr. Charles Kubokawa
Man-Machine Integration Branch
NASA-Ames Research Center
Moffett Field, Calif., 94035

FROM: Name
Affiliation

Address

Phone

SUGGESTIONS: Please be as specific as possible. Identify or provide copy of suggested new
material. Give specific address as to where material could be acquired. If errors are found,
identify by page and paragraph, figure or table title. Be explicit about suggested changes and
provide citations or rationale for suggestions.

(Please attach new material to this page)
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ANTHROPOMETRY AND EQUIPMENT DESIGN

ANTHROPOMETRY AND EQUIPMENT DESIGN

This section conta ‘s information most often used
directly in the design of specific equipment. The infor-
mation is arranged somewhat arbitrarily although similarly
to other handbooks. Since all of the data has been drawn
directly from othexr sources there are obvious overlaps.
However, any redundancy was considered justifieda in that
each data item appeared to have singular merit, either be-
cause of its format or its combination of related informa-
tion

It should be recognized that data concerning protective
garments is subject to constant revision as new equipment is
developed. However, the data presented herein provides a
reasonable point of departure for development of human eng-
ineering layouts and mockups.

It will be noted that certain state-of-the-art component
data is provided. Although this material does not represent
all of tne hardware possibilities, the information should be
useful in helping tc establish ball-park panel space alloca-
tions.

The following specific references are suggested for
additional reading:

Damon, A. et al - The Human Body in Equipment Design,
Harvard Umiv. Press, Cambridge, Mass., 1966.

Dreyfuss, H. - The Measure of Man: Human Factors in
Design, Whitney Library of Design, 18 E. 50th St.,
New York, N. Y., 1967.

Woodson, W, E. & Conover, D. W. - Human Engineering
Guide for Equipment Designers, Univ. Calif. Press,
Berkeley, Calif., 1964.

Illuminating Engineering Society (I.E.S.) Lighting Hand-
book (3d Ed), 1860 Broadway, N. Y., 1959.
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ANTHROPOMETRY AND EQUIPMENT DESIGN

Morgan, C. T. et al - Human Engineering Guide to
Equipment Design, McGraw-Hill Book Co., N. Y., 1963,

MIL-STD-1472 - Human Engineering Design Criteria for
Military Systems, Equipment and Facilities, 1968.

NASA MSFC-STD-267A - Hman Engineering Design Criteria
Study; Final Report, NASA Marshall space Flight Center,
Huntsville, Alabama, 1966.

Electronic Engineers Master (EEM): Manufacturer's Cata-

log, United Technical Publications, €45 Stewart Ave.,
Garden City, N. Y. (current issue).
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ANTHROPOMETRY

ANTHROPCMETRY

The following data on human body dimensions are limited to
the mal .ilitary population. It will be noted that both nude
and clov..2d dimensions are provided. The reuder is cautioned
to regard these data as useful primarily in establishing prelim-
inary counstraints in developing initial mockup dimensions.

The human engineer is urged to seek further refinement of work
place dimencions by evaluating preliminary mockup config-rations,
using live subjescts whose dimensional characteristics are demon-
strated in actually performing intended activities of reaching
for controls, viewing exterior and interior visual displays, and
testing the adequacy of clearances.

Additional information concerning limits ot force application
may be found in other sections of this volume. General require-
ments for establishing workplace shape and clearances may be
found in the section on Equipr 't Design.
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ANTHROPOMETRY

ESTIMATED VALUES FOR ASTRONAUT BODY LENGTHS, STANDING

§th Percentiie Astronaut 95th Percentile Astronaut
Basle - {c) Basie . {e)
wm“f.;: Measure Nude -:»:::. EMU Modes™(ln.) | nudq f:\el:“ EMU Modes' '(in.)
No. Description | Dimen-~ ® ivc EVC Dimea=~ o ve EVC
sion Design Design | Design slon Design Design | Design
(in.) {tn.) 3.7psla} 3,7 pefa } (in.) {in.) 3.7 psia | 3.7 pata
1 Welght(‘n 132.5 139.9 187.7 379.5 200.8 208.2 356.0 347.8
2 Stature 65,2 65,7 6.2 69.8 n.a 7.6 T76.1 .4
4 Zye licight, 60.8 6l.1 6.8 62.3 68.6 68.9 69.6 70.1
Standing
¢ Cervical 55.3 | ss.¢ 56.3 66.8 | 2.9 6.2 6.9 “.é
Height,
Standing
1 Shoulder 52.8 8.1 56.4 65.9 60.2 60.6 63 ¢ 8.9
{Acromial).
Height,
Standing
13 Elbow Height, 40.6 40.9 42.1 42.6 46.4 6.7 47.9 48.4
Standing '
12 Waist Helght, 3%.1 3.4 40.1 40.6 45,0 45.3 46.0 6.5
Standing :
17 Knucile 21.7 28,0 29.7 30.2° 32.4 32.7 34. ¢ H.9
Height,
Standang
is Kaeecap 18.4 18,7 19,4 19.9 2.9 22.23 bR ] .4
-Helght,
Standing l

a. Nude dimensions (Ref: WADC-TR-52-321, AF Flying

Personnel - 1950,

b. Shirtsleeve garments.

c. Environmental Mobility Unit (EMU) intravehicular con-
figuration (IVC) and extravehicular configuration (EVC).
Allowance for portable life support unit not included.

d. Estimated values for clothing and personal equipment

weights in pounds.

1-5



ANTHROPOMETRY

19.
20.

21.

22.
23.

BODY LEMGTHS (SITTING)
Sitting Height 24. Thigh Clearance Height,S 31.
Eye Height 25. Knee Height, S 32.
(Internal Canthus Height), S 26. Popliteal Height, S 33.
Shoulder Height 27. Buttock-Knee Length 34.
(Acromial Height), S 28. Buttock-Leg Length
Waist Height, S 29. Shoulder-Elbow Length
Elbov' Rest Height, S 30. Forearm-Hand Length

BODY LENGTHS (REACHES)

Body Lengths, Sitting

1-6

Span

Arm Rexch from Wall
Maximum Reach from Wall
Functional Reach



ANTHROPOMETRY

ESTIMATED DESIGN VALUES FOR ASTRONAUT BODY LENGTHS, SITTING

== 6th Percentile Astronaut 96th Percentile Astronaut
- Baato {c) Basic {c)
Wui.; Measurement Nude mﬂ_ EMU Modes'™’ (in.) Nude | Bhirt- EMU Modes' ™ {in.)
No. Description | Dimen~ '&) ve EVC  [Dimen- |- sleew | [vc EvVC
sion D'" Design | Design | sion | Design®'! Degign | Deaign
(in.) ('l ) 3.7psia! 3.7 peta | (in.) (n.) 3.7 ,8ia, 3.7 paia

19 Sitting Height 3.8 Mu.1 .8 37.9 38.0 38.3 40.3 41.7

« | Eye Helght, .4 2.5 0.1 | 307 | 36 3¢ B8 | M4
Sitting

21 Shoulder 1.3 21.4 3.8 ). 4.3 2.1 26.2 27.3 2.7
{(Acromial)
Height,
Sitting

23 Elbow Reet 1.4 7.4 7.4 7.2 10.8 10.8 10.4 9.2
Height,
Sitting

24 Thig': Clear- 4.8 s.0 7.6 8.0 8.5 6.8 8.7 10.1
ance Height,
Sitting

a5 Knee Height, 20.1 20.6 22.6 23.8 23.3 23.17 25.4 268.7
Sitting .

26 Popliteal 16.7 16.0 16.0 6.7 18.2 13.8 18.9 18.6
Height,
Sitting

27 Buttock - 21.9 22.0 23.3 2.9 25.4 25.5 268.0 27.6
Knee Length,
Sitting

a8 Buttock — 2.4 30.8 41.1 42.4 46.1 46.5 47.4 48.7
Leg Length,
Sitting

29 Shoulder ~ 13.2 13.3 16.6 17.1 15.4 16.6 16.9 18.8
Elbow
Length,
Sitting

30 Forearm -~ 17.¢ 17.7 18.8 20.1 20.2 20.1 21.4 22.7
Hand/Glove
Length,
Sitting

31 Span 5.9 65.9 8.9 67.9 75.6 75.6 76.6 7.6

32 Arm Reach 3.9 3.0 3.2 36.3 37.3 37.4 41.7 42.98
Froo Wall

3 Maximum 35.4 35.8 3.7 9.8 41.7 41.8 46.1 47.3
Arm Reach
From wWell

34 Functional 29.7 0.8 2.8 3.0 5.0 35.1 38.9 3.4
Reach

(2} Nude body dimensions obtained from Ref. 41.
(b) Shirtslesve complement includes CWG, CWG Sandals, and Communications Cap.
{¢) EMU Intravebicular Configurstion (IVC) and Extravehioular Configuration (EVC) are shown ia Fig. 36 and

listed in Table 8; allowance for PLES depth is not included in EVC measurement oumbers
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NUDE BODY DIMENSIONS OF U. S. ARMY AVIATORS

ANTHROPOMETRY

Dimension 5th % 50th % 95th %
Weight (1lbs) 135.9 166.5 199.7
Stature (inches) 65.8 69.4 73.3
Eye height, sitting 28.8 30.9 33.1
Head height 4.6 5.0 5.4
Head length 7.3 7.8 8.2
Sitting height 33.5 35.6 37.7
Crotch height 28.9 31.6 34.6
Shoulder breadth 16.8 18.2 20.0
Seat width, sitting 12.8 14.2 15.7
Kneecap height, sitting 18.9 20.9 22.8
Buttock-knee length 22.1 23.8 25.8
Arm reach forward 33.5 36.0 38.5
Arm reach upward 50.5 54.1 57.4
Leg length, sitting 42.1 44.9 47.6
Hand length 6.9 7.5 8.1
Hand breadth 3.2 3.5 3.8
Foot length 9.9 10.6 11.5
Foot breadth 3.6 4.0 4.4

U. S. Army QM TR-EP-150
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inches)

in

all other values

PERCENTILES, MEANS, STANDARD DEVIATIONS AND COEFFICIENTS OF VARIATION OF
25 ANTHROPOMETRIC VARIABLES FOR 1190 NAVY PILOTS (Weight in 1lbs;
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ANTHROPOMETRY

BODY DIMENSION DATA FOR U.S.NAVY TECHNICIANS

Dimension -

Category 5th % 50 % 95 %
Standing Height 66.2 69.9 73.9
Standing Eye 6l.3 64.8 68.8

Height

Standing Shoulder 53.8 57.1 60.8
Height

Standing Elbow 39.4 42,2 45.3
Height

Standing Crotech  32.3 34.9 57.8
Height

Sitting Head 34’02 3603 380“‘
Height ‘

Sitting Eye 29.7 31.5 33.6
Height

Sitting Shoulder 22.0 23%.8 25.5
Height

Sitting Elbow 7.6 9.3 10.9
Height '

Fnee Height 20,3 21.8 23.5

Knee Clearance 22.5 24,1 26.1
Seat Height 15.9 17.3 18.8
Shoulder Width 15.8 17.6 19.4

Forward Reach 29.3 31.4 34,0
Side Reach 32.3 33.8 36.3

Forearm/Hand 17.9 19.1 20.4
Length

NAEC - Air Crew Equipment Laboratory

1-11



ANTHROPOMETRY
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ANTHROPOMETRY
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ANTHROPOMETRY

NORMAL AND ESTIMATED VISUAL FIELDS(2)

: Estimated
Bhirtaloove or | PGA Holmet Docremont
Comaition Limit Measaroment [PGA Holmet Off [Or, Estimated | Due to Helmet
{do (deg) (dog)

A = Head and Al = Anglo from CL of eye to right and loft limita [H 96 0
eves fixod A2 ~ Angle from CL of eyo to noso interference 60 60 0
facing front A3 - Total horizontal field eithor eye 166 156 0

A4 ~ Total horizontal ficld both eyos 190 150 0
'Ag - Angle from CL of eye to brow interference (up} 46 46 0
A6 - Anglo from CL of eye to choek intarference (down), 67 67 [
A7 - Total vertical field both eyes 113 113 0

B - Hoad rotated | Bl = Limit of head rotation to right and left 72 30 42
to normal B2 - Same as Al 05 96 ]
1" ‘s about B3 - Samo as A2 60 60 [
Z axis; oyos BA - Bame as AJ 156 165 0
fixed facing B6 = Total horizontal visual field for either eye with 209 2156 &
front ‘wead ¥ Aation

Bé ~ Total horizontal visual field for both eyes with 334 250 84
head rotation

BT ~ Same a8 AS 46 46 0

B8 - Sanie as A6 67 67 0

B9 -~ Same as A7 113 113 Q

C - Head rotated | C1 — Same a8 B1 72 72 30y o (42?
to normal C2 - Limit of eye rotation to right and left 74 74 0
limits sbout Z | €3 - Same as Al 01,60 91 (35® o 25®
axis; eyes | C4 — Same as A2 6(5) ® s 5™ o
rotated 10 nor-| C§ - Some s A3 96 (65> 06 (60)® 0 (26®
mal limits in | C6 - Total horizontal vis-ul field for aither eye with | 242 211)(” | 242 1es® | o (67
X-Y plane (Boe head and eye rotation
Fig. 1) c? - :‘onl ho-izontal visual fiels sor both eyes with 412 278 134

ead and eye rotation (83 overlap)
C8 — Same as AS <6 46 [}
C9 —~ Same a8 A6 67 67 [}
C10 — Same as A7 113 112 [

D - Head fixed D1 = Normsl Limit of eye rotation {up) 48 48 0
facing front; D2 — Same as AS 18 18 [
eyes rotated | D3 = Normal 1imit of eys rotation (down) 66 66 0
to normal D¢ - Same as A6 16 1 15
limits in DS — Same us AT 148 133 18
X-Z plane

E = Head and eyea{ E1 ~ Estimated limit of head rotatioa (wp) 80 15 65
rotated to E3 - Bame as D1 48 48
normal limita | E3 - Bame a8 A5 18 18
ia X~Z plane | E4 ~ Fatimated limit ok head roiation (down) 80 30 70

ES =~ Same as D3 ] 45 21
E¢ - Bame as AS 16 [ 18
E7 - Bame 88 AY 318 s 1713

(a) Binastronautics Databook
(b) Oppousite eye
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X
l/ MIDSAGGITAL PLANE

ANTHROPOMLTP.

Al =95®

)
3
\ / Ad s TOTAL
A 7 HORIZONTAL FIELD

A2%60° =~190°
o
€ RIGHT EYE -] rg_ LEF [ EYE
X
z CONDITION A
e ’ AS = 46°

&

!

? A7 = TOTAL VERTICAL FIELD »113°

VY Y 744

Normal Monczular and.Binoculax Visual Fields With Head

and Eyes ."ix

1-
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ANTHROPOMETRY

MIDSAGGITAL PLANE

2N

>
’ S
; smocua "7"‘
7 ,””II/ -

Z 7777 '
S &4

CONDITION B
(SAME FOR LEFT MAND ROTATION)

84 =334° TOTAL FIELD
#0~ BOTH EYES

Visibi

CONDITION C

(SAME FOR RIGHT HAND
ROTATION) '

Cr o ~a12®

lity Afforded by Pressure Suit Assembly
Helmet with Head and Eyes Fixed
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DS = 148°

Normal Monocular and Binocular Visual
Fields with Head and Eyes Moving

1-17
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ANTHROPOMETRY

X MIDSAGGITAL PLANE

”.

€ RIGHT EYE ¢ LEFT EYE
1 TOTAL HORIZONTAL FIELD =~ 190°

Normal Binocular Vertical Visual Field With Head Fixed
and Eyes Moving
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ANTHROPOMETRY

AVAILABLE VIEWING ANGLES FOR VARYING WINDOW PORT DIAMETERS AND

VARYING VIEWINGS DISTANCES FROM PORTS

Vicwing Distance
From Port (in Inches) 7 in,

© e @ =

10
11
12
13
14
15
16

17

148°
120°
98°
82°
70°
60°
52*
48°
42°
39°
35°
33°
30°
28°
26°
25°

23°

Diameter of Window Port in Inches

8 in.
155°
132°
108°
97°
84°
74°
65°
59°
53°
49°
44°
42°
37°
36°
33°
32°

29°

Jin.
159°
140°
121°
108°

95°

85°

76°

63°
88°
53°
50°
46°
43°
40°

38°

10 in.
162°
145°
130°
117°
105°
94°
86°
78
72°
66°
61°

57°

50°
46°
45°

42°

11 in,
165°
150°
136°
12¢4°
112°
102°
94°
87°
80°
74°

03

12 in,
167
153°
141°
130°
119
109
101°
94°
87°

81°

(RN
66°
63

A9’

56°

)
o e
-

*Closest Distance Crewman with Gemini Helmet on and Visor Up can Get to Window

mn.

**Closest Distance Crewman with Gemini Helmet on and Visor Down Can Get to

Window Port.
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ANTHROPOMETRY

A/P22S-2 Full Pressure Suit

(Unpressurized)

Dimensions in inches

Small Large
A, Stature 66.6 75.7
B. Eye Height 60.5 69.7
C. Crotch Height 29.0 -
D. Hip Breadth - 14.8
E. Max. Arm/Arm Breadth - 25.2

Extracted from: AMRL-TR-69-6, Anthropometric Dimensions of
Air Force Pressure-Suited Personnel for Workspace and Design
Criteria by Milton Alexander et al.
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ANTHROPOMETRY

A/P225-2 Full Pressure Suit
(Pressurized)

Dimensions in inches

Small Large
A. Stature 63.1 72.3
B. Eye Height 55.7 65.8
C. Crotch Height 28.3 -
D. Knee/Knee Breadth,
widest point - 20.5
E. Max. Arm/Arm Breadth - 35.2

1.22



ANTHROPOMETRY

A/P22S-2 Full Pressure Suit
(Unpressurized)

Dimensions in inches

Small Large
4. Head Height 35.2 319.4
E. Eye Height data not evailable
C. Max. Thigh Height - 26;4
D. Elbow Height 7.5 10.7
E. Buttock Width - 16.0
F. Elbow/Elbow Width 18.3 23.1

1-23



A/P 22S

ANTHROPOMETRY

-2 Full Pressure Suit

(Pressurized)

Dimensions in inches

Small Large
A. Head Height 36.0 40.8
B. Eye Height data not available
C. Max. Thigh Height - 29.0
D. Elbow Height 7.8 11.7
E. Buttock Width, Max. - 24,7
F. Elbow/Elbow Width 21.6 3l.4
G. Max. Hand/Hand Breadth - 34.6

1-24



ANTHROPOMETRY

A/P228-2 Full Pressure Suit
(Supine, Pressurized)

Large (inches

B.
C.

Helmet Depth

Chest Depth
Knee/Buttock Depth
Buttock/Helmet Length

19.7
15.1
24,1
45,1

1-25



PRESSVRIZED - 3.5 P51

h e 3 3 e}

PORTADLE LIFE SUPPORT
FYPIC L oLl CREW S12€3)

ANTHROPOMETRY

Y - e 1\
NeadBis

22.0
VENTILATED
[} 3
SPHERE |.
DIA.
@j
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N7
m;/_t
t
NP

_aa

=
ey -
Jhlieess
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o
-
e
-
[ ]
re s
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!
-
-
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i
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qx::ﬂnﬁﬁ=='iﬁga ‘
: ~ o [ I )
= G IR = L
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wooy
<-38
Ye &
103:
raed
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Ogq ™
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[
-
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0.8 INCH LAYER CONSTANY

283

s

3.2 (REF)

78.2 (REF)
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90th Percentile Astronaut, Pressure Garment Assembly (3,5 psi)

Typical Dimensions (A6-L)
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ANTHROPOMETRY

" PRCISUMIED- 3.3 P8I

.0

-0——-—20.0——*{

VENTILATED

12,01 . ra.o

P hadny

=) |1
£

*e ‘\C \\'—//\m? 7.0 (AEF) |
M-z —
W i ] so
3l = |

.
- o

.0

660

3.4
8.1 (REF)

Ll.O(ltﬂ

10th Percentile Astronaut, Pre_sure Garment Assembly (3.5 psi)
Typical Dimensions

1-27



ANTHROPOMETR

Apollo Suit Arm Mobility Chacacteristics
(3.5 psi)
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ANTHROPOMETRY

120°(REF)

Apollo Suit Mobility Characteristics (continued)
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ANTHROPOMETRY

Antenna

Oxygen Purge System —Lunar ExXtravehicular
J Visor
) /\ & — |

@ ™ Backpack Control Box
Backpack !

%

- Oxygen Purge System
N{" Actuator

Connector Cover

Communication, Ventila-
tion and liquid Cooling
Umbilicals

Oxygen Purge —..
System Umbilical ‘ N

LM Restraint Ring 'i{
/7

{

Dosimeter Access Flap Utility Pocket

And Donning Lanyard
Pocket

RS Sad

- —

Extravehicular Mobility Unit (EMU) for Lunar
Exploration
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ANTHROPOMETRY

Shoulder Rotation (x-z plane) Shoulder Rotation (y-z plane)

(Dowa-Up) Lateral
Medial

145°
E}bov Forearm Rotacion
- (Flexion-Extension) Supination (Palms up)

Pronation (Palams down)

x Range of Motioun-Degrees’

EMU Mobility Characteristics

1-31



ANTHROPOME't RY

UoysuUIIXI r2pInoys
UoTX2TL 22pTNOYS

(*3uo0d) sorisyaaioeaeyd LITTTIGOW NWA

JUWIAOR

(1espop-Texo3eT)
lapinolls

woFIdNPQY I9pTNOYS
woy3IONPQY 2wpINOYS

1-32



ANTHROPOMETRY

Bip Adduction

(Knce Bent)
Hip Abduction - Hip Abduetion - .
(Lag Straight) (xnee Bant) Hip Floiion
(Step height)
4
$
:
[}
3
\ - - e
[
\
Y
:
[}
9
i
]
[}
[ )
[} -
[ )
[ ad ¥
Ankie Extension
Knee Flextion (Standing)

Ankle Flexion

EMU Mobility Characteristics (cont.)

1-33



ANTHROPOME' ?Y

(:Z:> Can maintain stable suit position from 80°
to 1809 with no "spring back" torque

359 side-to-
side

No.rotation

Waist Abduction
Haist Adduction

EMU M¢,© ity Characteristics (cont.)
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ANTHROPOMETRY

76-;- VERTICAL TRUNK CIRC

25  SHOULDER BREADTH

_ 65 ~ SHOULDER CIRC
ELEOW TV , 3 /‘L{"l 172 CHEST BREADTH ~
eLgow 261 (o \ 8 50% CHEST CIRC

19 WAIST BREADTH

J ' t 7": Q]
‘ W
\ Ye—— 301 cIRC

40
3] 2
8 —161 KNEES TOUCHING
8 ON INSIDE

RX-5 CONSTANT VOLUME, HARD LUNAF SUIT

\ 4
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ANTHROPOMETRY

'18 BICEPS CIRC
1518 CHESY DEPTH

s _1i WAIST CIRC —

49% BUTTOCK CIRC

15% WAIST DEPTH

- i} n% HIP DEPTH

25 LOWFR THIGH CIRC

zs% KNEE CIRC

zz% CALF CIRC

-\ — 21% ANKLE CIRC

> SIZE I BOOT
b2 ~+— st size 8%-10-;-

RX-5 LUNAR SUIT (cont.)
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ANTHROPOMETRY

14% FOREARM CIRC
143 WRISTSIRC

EN
LU= 193
— 4

21
4

18 l

i { ! !
L POPLITEAL HEIGHT

. —SEAT HEIGHT

RX-5 LUNAR SUIT (cont.)
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ANTHROPOMETRY

RX-5 CONSTANT VOLUME' HARD SUIT SIZE VARIATIONS

ELEMENT SIZES OF SUIT MEASURED DIMENS ION ADJUSTMENTS FOR
. CTHER S1ZES
1. UPPERTC. S0 - SIZE 111 SHOULDER BREADTH S1Z” 1V + 1,00
| | SIZE | & 11 NO*  GE
2. LOWER TORSO ~'S1ZE 111{ADJUSTED TO THE LENGTH ONLY
SHORT POS ITION) (+ 0, 75" ADJUSTMENT SIZE | - 1,20 (SHORT ADJUSTMENT) _
POSSIBLE! - 11 - 0, o0 (SHORT ADJUSTMENT)

IV~ + 1,35 (LONG ADJUSTMENT)
V -+ 1,95 (LONG ADJUSTMENY)
V1- # 2,55 {LONG ADJUSTMENT)
3, UPPER ARM - S1ZE IV L} NGTH CHANGE ONLY

SIZEV +0,40

B NS ¥
I -0.80
11 -0,40

* &-FOREARM - SIZE (11 LENGTH CHANGE ONLY |
: ' SIZEf - 140
i -0.70 ;
V40,70
5. TRIGH - S1ZE 11 (ADJUSTED TO SHORT LENGTH “HANGE ONLY
POSITION) ( +0, 87" ADJUSTMENT SIZE 1 - 0.70 (SHORT ADJUSTMENT}
POSSIBLE) : 111 + 1.56(LONG ADJUSTMENT)
IV +2.26(LONG ADJUSTMENT) !
V  + 296(LONG ADJUSTVENT) |

6 CALF - S12E 11 Lt L CHANGE ONLY
. Sttt -0,70

i+ 0,60 ;

vorL20 {

V +1.8 |

VI 4240 J
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ANTHROPOMLTRY

— 66" MAXIMUM REACH HEIGHT |
— 60" MAXIMUM WORKING HEIGHT

e

> OPTIMUM 'WORKING HEIGHT

[ 28" MINIMUM WORKING HEIGHT
- 22 MINIMUM REACH HEIGHT

Jractical Limits of Lun.r Suited Astronaut
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Extravehicular Glove Assembly

The extravehicular glove assembly is a full

ANTHROPOMETRY

pressure

glove designed to allow crewman hand dexterity and tactility

while supplying the required thermal/micrometeoroid protection.

Dexterity (on modified peg board) Percent ¢f Nud Hand Capability
%" Pins - Right Hand 33%

Left Hand

19%

Both Hands 127,
k" Pins - Right Hand 65%

Left Hand

59%

Both Hands 42%

Torquing Capabilities Finéertip Functional

0.75 inch diameter
1.00 inch diameter
* 1.25 inch diameter
1.50 inch diameter
Finger Curl-Around
0.75 inch diameter
1.00 inch diameter
1.25 inch diameter

1.50 inch djameter

3.8 in. 1bs.
5.2 in 1bs.

7.6 in. lbs.
9.6 in. 1bs.
Functional

3.8 in. 1bs.
5.2 in. 1bs.
7.6 in. 1bs.
11.4 in. 1lbs.

Screwdriver - 4 13" in length

1.0

diameter 3

Pronation 51.66 in. lbs.

Supination 48,66

in. 1bs.

Ball - Slove 2 inches diameter

Pronation - L6.6b in. lbs.

Supination - 60.83 in. lbs.
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ANTHROPOMETRY

§
§
1

.
e N

l{
5 ”Dia. Max

SHELL

INSULATION

™
D T I
v ‘--- asee”

-
il L LTy

-
Cag enae*”

-
AR

Extravehicular Glove Assembly’
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Centers of Gravity and Spzcific Gravity of Man

O CENTER OF MASS %
o NINGE POINT

Diagram of Hinge Points and Centers of Mass

Hinge Point Coo:dinates (Inches)

L]
and Symbol X Y =
Neck *A 0 0 $9. )8
Shouider *B 0 7.88 $6.30
Ebow °C 0 7.88 43.50
Hip *D 0 3.30 34.52
Knee *E (1] %_- 18.72

Eliass Center .

and Symbol®
Head o1 [} [ 64.10
Torso 02 0 0 46.80
Upper Arm 03 [} %.88 50. 83
Lower Arm o4 0 7.88 39.20
Hand 0% 0 7.88 J1.68
Upprr Leg c6 0 3.3 27.68
Lower Leg X § 0 3.30 11.80
Foot os 2.45 3.30 1.7

Coordinates of the Segment Hinge Pointe and Mass Centers
of USAF 50th Percentile Man

1-44
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ANTHROPOMETRY

Mean Canters of Gravity of Pressure-Suited Subjects

I

Nude

Nude Unpressurized Pressurized

Relaxed (Weightless)
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EQUIPMENT - COMPONENT DESIGN

EQUIPMENT DESIGN

The following pages include information useful in establish-
ing shape and size of furniture and equipment. Included are ex-
amples of typical off-the-shelf hardware available from the open
market, showing dimensional characteristics important to the
human engineer in planning preliminary layout of operator panels
and work stations. This information is only representative and
is not meant to indicate a -ecommendation for any specific com-
ponent - or that these items are all-inclusive. Such information
is parcicularly useful in developing preliminary mockups, indi-
cating how much space is probably required to accomodate certain
components - both in terms of the front and rear of a control
panel.
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FURNITURE-EQUIPMENT

CHAIR DIMENSIONS: | FIXED | ADJUST REQUIREMENTS FIXED | ADJUST
ARM RE_TS: MINIMUM CLEARANCE REQUIREMENTS:
A. Length 10" t 2" 0. Kneehole depth: 18"
B. Width: 2" P. Kneehole width: 20"
C. Height: 8.5" * 25" Q. Kneehole height: 26"
D. Separation: 18" R. Desk to wali: 32"
SEAT: S. Lateral work clearance:
E. Width: 16" (1) Shoulders 23"
F. Height: 18” t 3 2" (2) Elbows: 25"
G. Depth: 16" {3) Best overall: 40"
BACK REST: DESK OR WORK SURFACE DIMENSIONS: MIN BEST
H. Space: 6" E < 2 T. Height of work surface: 29" 30"
I. Height: 15" U. Width of work surface
J. Max curve: 4" (1) Elbow rest alone: 4" 8"
K. Width: 16" {2) Writing surface: 12" 16”
FOOTRESTS: (3) Desk work area: K
(where required): V. Length of work area: 30" -
L. From center 7"
M. Width: 6"
N. Length: 10"

* Adjustment range. Adjustability is preferred for these dimensions.

Desk and Chair Dimensions

1
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S
(o) 0
L 2N

S

wno =
|

Wwonnox
(I

Wiro =

23 in.
21 in.
17 in.
30 in.

o=

19 in,
19 in.
18 in.
31 in.

17-21 in.
21 1in.
17 in,
28-30 in.

19-26 in.
19 in,
17 in,
30 in.

FURNITURE-EQUIPMENT

Standard Office
Chair

Secretarial Chair

Special Mclded
Occasional Chair

Executive Chair

TYPICAL STANDARD FURNITURE CHARACTERISTICS
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FURNITURE-EQUIPMENT

STANDARD DESK - 30Dx60W-29H (in.)
CONFERENCE DESK - 36Lx72wx29-30H

STENO DESK - 30Dx60Wx29H (1n.g
(A 19, B 39 in.

DRAFTING TABLE
D - 30, 36 in,
W - 62, 72 in.
H - 25, 28 in,

0 - FILING CABINETS
2-Drawer W 15-18xD 28x H 29-1/2 1in,
"

- 3-Drawe~ W " D H 41 ' 1in,
\\ H 4 -prawer w " D" H s52-1/21n,
—_ 5-Drawer W ¥ D" H 64 in.
\\
S~ >
= o

KK
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FUPNITURE-EQUIPMENT
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Ty 4 N
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20 v 30 vv‘ \\“ =
X’ N
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\ ' Qﬁ 20 /~rzs‘ MAX EVE

4 ¢ ROTATION
K} /‘\

"™ TO AVOID SEEING TOP= 54

O~LINE IF SIGHT

K

T MAX TO 526 OVER 3 47"
)

OFT CONTROL ZONB =

ELBOW TO SHOULUER Nory,

S/G"'A,.L bnz
~Igo OF

\
\ (4) TYPING

(B) CONTROLS

® 1 ;.\fo_ ' : . % ) (C ) DISPLAY, SET UP CONTROL
4+ Vi— '

(D) WARNING DISPLAY
(E ) AUX REF DISPLAY-CONTROL

LOWEST TYPEWRITER KEYS
MIN 26, UPPER Max 31%

. []
DESK FOR

—— WR:TING =
28 -30"

4
h £
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e
l ¥
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General Dimensions for Mockup of Szated Operator
(5th-95th% Male Operator)
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FURNITURE-EQUIPMENT

r’7ft\— STD DOOR

y
| {
i

Y I T T W TeeY

“/"— AUX REF DISPLAY
i
H
L-6 ‘[— HIGHEST SHELFR
i Y—— WARNING PISPLAYS
;
— « 6i"CONT VISUAL MONITORING
—~5 ~—— . SEE OVER j FIXED PRONE-MIKE
?»sn UP CONTROLS
n___ )
5¢ ]
%
DISPLAY -CONTROL
— 4 STD WALL $W
—G5Y MAX KEYBOARD (& 30-15%)
41°— J WRITING (16" DEEP MIN
HAND RAIL
38— ° DOOR KNOB
=3 - 3 <tb work BENCH
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1
}
i
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-2 ;
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General Iimensions for Mockup of Standing Operator
Station (5th-95th% Male Operator)
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FURNITURE - EQUIPMENT
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FURNITURE-EQUIPMENT

OPT CONTROLS-24"

s
f e N\

OPT DISPLAY-l16”

—

l.___“."n“ STRAIGHT PANEL —

\\\\ \\\\\\\\‘L\\\\\\\\\\l\\\\\\\ LN
N 24" MIN KNES —»] ’( l
N 14'mx FOLDED nm&

L\ g |
X

N e T

N e

ki'q

1
10
37-41"

Stand Sit/Stand
Dimensions for Optimum Scope Viewing
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FURNITURE-EQUIPMENT
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FURNITURE~EQUIPMENT
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FURNITURE-EQUIFMENT

Depth of reach
decreases to about
14 inches at eye
level and waist
level due to bend-
ing of arm around
front panel of
chassis

T TSN 23 "

—_—)

Cabinet Access
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FURNITURE-EQUIPMENT
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FURNITURE- EQUIPMENT

Approximate Lift Capacity of One Man
Manually-Propelled Vehicles (Dollies)
Transport equipment should be specified for modules weighing more
than 35 pounds. Manually=-propelled transport vehicles are recommended for

the smaller of these units. - Such vehicles should reflect the following design
considerations: '
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FURNITURE-EQUIPMENT
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EQUIPMENT HANDLES

Curvature of handle or edge

WEIGHT OF ITEM | RAD.JS OF CURVATURE (MINIMUM)

UP TO 15 LBS: - LAIN GRIPPING EFFICIENCY IS BEST

15 T0 20 LBS: R—1/4IN. IF FINGERS CAN CURL AROUND

e HANDLE OR EDGE TO AN ANGLE
OVER 20 LBS: BUT 178 1N OF 120 DEGREES OR BETTER.
T-BAR POST: T-12IN.
-Dimensions of handle

DIMENSIONS EXPECTED USER CLOTHING

OF HANDLE BARE HAND GLOVED HAND ARCTIC MITTEN
TYPE OF HANDLE: | X Y oz|x Yy z| x Y 2z
ONE-HAND BAR 2.0 25 20] 25 475 2.0 |30 55 3.0
TWO-HAND BAR 20 85 20|25 9.5 20 {30 110 3.0
TWO-FINGER BAR 1.25 25 15] 15 30 1.5 | DON'T USE
ONE-HAND RECESS | 2.0 425 35 2.5 475 4.0 |30 55 5.
TWO-FINGER RECESS | 1.25-DIA 20| 1.5DIA 2.0 | DON'T US.
ONE-FINGER RECESS | 1.25-DIA 20| 15014 2.0 | DON'T USE
FINGER-TIP RECESS | 0.75-DIA 0.5 1.0-DIA 0.75) 1 USE
T-BAR 15 40 15] 20 45 2.0 | DL.. . USE
J-BAR 20 40 20120 45 20130 50 3.0

T-BAR FINGER ' BAD HAND RECESS

RECESS
Y
R t'-z f
X

Types of handles
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EQUITMENT HANDLES

— (inches)
T D 1 A\ B
. ~—+ 9 1-3/4

—h —
C O) Z 1-5/16
t
(o
Round Cross=-Section
c
TL 9 1-3/4
i 2 1-5/16
P =
Q) 1) _5A*
Oval Cross-Section
(Preferred)
| e
) .
g [ ® '\ 4 1-17/32

Folding Handle

5/16
5/16

1/4
1/4

1/«

Typical 0°F¢-the-Shelf Ecuipment Handles
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EQUIPMENT HANDLES

- T
i
e - A B C D
g 5-1/4) 3/4 |4-3/4]1
a
.. 2-5/8]29/6412-3/8 | 9/16
boJ

3

F | L
| ti | -
-5 .

N

N
x

11 vination Assemblies Which Serve As
«é.conang Device and Chassis Carrying Handle
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LATCHES-FASTENERS

r—lm 0L P N3
r—"'“l” L X B}

i E
4
i o i

GRIP RANGE: Vi te %
knab type flush type

g -
3 . e e -
i e it @ae ot # o et - vulne w we
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LATCHES-FASTENERS

GRIP RANGE:

3/32 10 1-11/16

dimensions

ML
SHE
t%%
of2|#
olf|x
o2
<28

GRIP RANGE: 1/16 10 1.7/16
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LATCHES-FASTENERS

GRIP RANGE: % TO 1%
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{

LATCHES-FASTENERS

2254 ovol head

stud ejeclor

Covses heod %o stend
ewagy from deer penel
when festener is wnlocked.

2 e

WASNER
] ]

Typical Spring-Loaded Panel Fastener
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ACCESSIBILITY

MINIMAL FINGER ACCESS TO FIRST JOINT:

' “} " THO FINGER TWIST ACCESS:
PUSH BUTTON ACCESS:
® Base Hand: 1.25" dia, \ e Bate Hand: 2.0" dia. clearance aouns o2t
® Gloved Hand:  1.5" dia. o Gloved Hand: 2.5 dia, clearance atourd obect

. VACCUM TUBE INSERT (lube held as at ught):

® Miuature tube:  2.0" dia, ciearance around object
© Large tube: 4.0" da. ciearance around object

MINIMAL ONE HAND ACCESS OPENINGS:

U
HAND PLUS 1" DIA OBJECT,
A} EMPTY KANG 7O WRIST: WIDTH HEIGHT TO WRIST:
. @ Bare hand, rolled: 375" K. of dia. .
- o Bare hand, flat: 2.25" 40" or 40" da, © Baie hand:
" @ Glove of mitten: 40" x 6.0" or 6.0 dha, 375" sq. o dia,

,® Bulky Protective aitles: 5.0" x 6.5 o 5.5” dia, i 2 Glove of mitten:

1.0" 4. o dia.

HAND PLUS OBJECT OVER 1" IN DIA
TO WRIST:

o Baie hang:

', 175" clearance around object
” @ Glove or mitten:

1 2.5" clearance around object
ALY o Bulky Protective aulten:

15" clearance around object

CLENCHED HAND TO WRIST:

_ o Bate hand: 3.5"x 5.0" or 5.0” dia.
- ® Glove or milles; 4.5" % 6.0" or 6.0"" dia.
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ACCESSIBILITY

DISTANCE HORIZONTAL AXIS VERTICAL AXIS

FROMEND | LEFTWIDTH | RIGHT WIDTH upP DOWN

OF FINGERS| MEAN RANGE | MEAN RANGE MEAN RANGE MEAN RANGE
1IN. | 1161.68~-2.00] 1.90(1.37-2.501 1.51 66-2.25 1.26 .50-2.08
2IN. 1451 .92-2.25 | 2.31{1.75-2.85} 2.00 | 1.08-2.91 1621 . .58-2.33
3IN. 149 | 93-2.25] 2.42|1.88-2.811 2.6 | 1.25-3.33 1.67 .58-2.58
4IN. 1.45 | .65-2.20 | 2.40 [1.75-3.00| 2.39 | 1.25-3.33 1.52 .58=2.50
5IN. 1.41].40-195] 2.32{1.63-2.95{ 2.31 | 1.25-3.50 1.3 58-2.25 1
6 IN. 1.31].35-2.50 | 2.21]1.68-2.90 ] 2.44 | 1.83-3.58 1.04 ,33-1.83

NOTE:

THE POINTS ARE GIVEN IN INCHES FROM AN IMAGINARY LINE
EXTENDING ALONG THE AXIS OF THE TOOL INVOLVED. WHEN
ALL FOUR UNDERLINED POINTS ARE PLOTTED ON PERPEN-
DICULAR AXES THEY DESCRIBE THE MAXIMUM AVERAGE
VCLUME REQUIRED FOR THE OPERATION. A MORE GENERQUS
AND COMFORTABLE ENVELOPE IS DESCRIBED BY USING THE
MAXIMUM RANGE VALUES INSTEAD OF THE MAXIMUM MEAN
VALUES.
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ACCESSIBILITY

ARM ACCESS

ARM TO ELBOW
45" X 4.5" DIAOR 35"
TWO HAND REACH 6 TO 25 LIGHT CLOTHING AROUND OBJECT
INCHES IN DEPTH BULKY PROTECTIVE CLOTHING | J2 X I DIA DR 35
BLIND ACCESS
LIGHT CLOTHING > a: OR 75% OF REACH ARM TO SHOULDER
B8 5 5" X 5". 5 DIA OR 3.5
BULKY PROTECTIVE A | 6" PLUS 75% OF REACH LIGHT CLOTHING AROUND OBJECT
L BULKY PROTECTIVE CLOTHiNG | 357 X 857, 8.5" DIA OR
VISIBLE ACCESS — =5 35" AROUND OBJECT

iNSERT OBJECT WITH HANDLES ON FACE  INSERT OBJECT WITH HANDS ON SIDES

A_| BOXPLUS L.5" A | BOX PLUS L§"
B8 | 8.5" OR BOX PLUS 1.5" WHICHEVER IS GREATER 8 | BOXALUS 4.5" (LIGHT CLOTHING)

BOX PLUS 7 (BULKY PROTECTIVE CLOTHING}
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ACCESSIBILITY

FOR INSERTING EMPTY
HANDS, APERTURE SHOULD BE
4" HIGH BY

3/4 X DEPTH OF REACH

~
DEPTH \I/ o’ I‘
/
WIDTH

22“-"\/ l/

X
Y
Anticontact Glove Wet-cold Glove Wet-cold Mitten  Arctic Mitten
Hand Attitude X -z X Y 7z X Y 7 X Y 2
Extended flat: 10,3 4.5 2.5 10,5 5.5 3.0 O 5.8 3.2 16k 5.2 3.6
CIOUOd as fist: 7.0 M 303 703 M 307 1105 508 3-8 1’603 5.2 M
Grasping handle;
«25'" diameter: 7.0 5.0 3.5 7.3 5.5 3.5 11.0 5.7 4.2 140 5.5 4.5
1.0" diameter: 7.0 5.0 3.5 73 5.3 4.0 11,0 5.2 4.5 U7 5.2 L5
2.0" diameter: 7.5 4.5 4.2 8.0 4.7 4.0 12.0 5.2 4,7 15.0 5.4 5.0
Grasping knob;
025" diameter: 800 3.8 m 9.0 1006 A.O 11.5 500 lboz 1505 L.B 4.5
1.0 diameter: 9.0 3-5 4-0 9.0 l‘os ltoo 12.0 500 L.O 1508 1008 L.B
2,0" diameters 9.5 3.7 3.7 9.2 4.5 L‘z 12.5 l&aé bedy 16.0 LeT 4o
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ACCESSIBILITY
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ACCESSIBILITY

RECOMMENDED PASSAGEWAY DIMENSIONS

DIMENSIONS !
- —
MINIMUM | MAXIMUM ! DESCRIPTION
6  .et 12 feet wider than % Main passageways or hallways

fwidest object to
 pass through the

open into passageway

‘hallway
6 “eet !--- } Width when one door opens into
. i | passageway
{ ¢
x== EB feet + Width when two opposing doors
' i
3 !

4 feet §54 inches ., Width for light traffi< when
: | mo doors open into passageway

114 inches' 30 inches higher ? Height of passageway to clear

¢ personnel

ithan tallest equip- ; mobile equipment

iment passing through -

ipassageway !

> S 3
78 inches ;«-- , Height of passageway to clear

i

!

i

i

Note: Above dimensions do not appiy to special facilities such
as Vans, Submarines, Military Aircraft, ect. For such
facilities refer to anthropometric criteria and consider
clearance for special clothing, critical equipment opera-
tion and handling of mobile equipment during ingress,
egress, remove and replace, and emergency escape.

1-73



- TBILITY

ATCF”

odurIajUTRU

*(mox B up asyjour
suo 03 3xsu ploeyd ., 20 s)owi) spunod gy
ueyl 2ao0m JUTHITSM SISMBIP MNO0I JO IPTIS Yyowd uQ

sayout 8T

sayoutr €T

‘juawdinba 3s93

97TQOoW Jo 9sn Y3IMm uorjzduni Jurpusq I10 3uriosuy

JouepuajuIBW swos pue mo1 ydsed ul suorj~unj xojeisdo Zutainbaa
‘Teuotiexado ‘13ylo yoes Suroey syoex jusudinbs jo smox om3y aog 3923 3

‘quawdtnba 40 - sxoea Jo Moa O[3 IS 10J

9oueuajUTEW pue ‘sa1.,TaTloe BuTrioowy pue 3uipusaq Liejuswow IoJF
‘1ruoteaado aoegans Sutrcey a2csodde o3 juawdinbe jo juoay woag ssyour 0g

*(uor3jeaado papuey 1331 103

BSI3A 9OTA 497 Y} 03 S9YdUTl g pue SUTTI33uad

Apoq oyy 1o y3ta ayl o3 sayoutl Q¢ ‘uorizeaado
Teuotrjeaado Sutpuerls prpuey IYobTa) Affrisje] uosaad xag sayout g4y

jxoddns *(se131a1)0® 3ututeal ‘arged| -

PATIBIJSTUTUWER 90Uax2jU0d ‘Msap polesas) Ar(eaeie] uosiad 13d|{Saydur (g S9YOUuT 97

* (uotjeaado
Teuotijeaado 2d£y ajosuoo pa3ess) Lyjeisie( aojeiado i9g $9,0UT (¢t

* (usudtnba

9ATlRI}STUTWpPE xo03eaado Jo oeq 01 JIays 3ullram jo 23pa3
‘1ruotieaado Sutpea] MOIJ 20UBISTP) }SIP 10 ITOSUOD JO juoly 1993 ¢ 3993 ¢

*(sunt3iouny

9oueuLjUTRW jeuotjeaddo-asueuajutew pue ‘Aeydsip [iem o3
‘. euorjeaado 4I9A099S, 103) TTEBM 031 2[0SUOD I0 }S3P 3JO Oeq WOxY 3333 9 1993 9

NOILONC T JIATOANI VIYV GNV NOILa™d0SdA@ NOISNIWIA WNWrXepn UMWTUTW

SADNVAVATD aIdIndId

SINZWAEINOAY NOISNIWIA WOOd -

1-74



ACCESSIBILITY
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ACCESSIBILITY
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SQUATTI™S WORK SPACE

BULKY PROTECTIVE

ACCESSTBILITY

KNEELING WORK SPACE

CLOTHING LIGHT CLOTHING
pn 51 MIN A3 MIN
SQUATTING WORK SPACE o © KAX 36 MIN
KNEELING WORK SPACE gy 50 MK 2NN
STOOPING WORK SPACE ops 44 MIN 36 MIN
g 38 WIN J1MIN
KREELING CRANL SPACE g 62 MIN 9 MIN

STOOPING WORK SPACE

NOTE: ALL DIMENSIONS IN INCHES.
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e P~

ACCESSIBILITY

e ;\ SUPINE WORK SPACE

VERTICAL ENTRY ROUND (DIA) ENTRY HATCH HORIZONTAL ENTRY HATCH
BULKY PROTECTIVE | LIGHT CLOTHING
CLOTHING

“A” 26" MIN 20" MIN
SUPINE WORK SPACE g 728" MIN 28" MIN

“A” 24" MIN 17” MIN
PRONE WORK SPACE g 96" MIN 96" MIN

"A” 20" MIN 12" MIN
VERTICAL ENTRY HATCH g 32 MIN 24" MIN
ROUND DIA. ENTRY HATCH _ “A" 32" MIN 24" MIN

“A” 24" MIN
HORIZONTAL ENTRY HATCH .., 32" MIN 2" MIN
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NAX BEST MIN

pe 7" 68"

wgel 120 | 89" ™

werl 150 | S080° 50°

" STEPS (50 ey | o8s 6
NO RISERS (757  “D"{ 5.5" L ki
wgr| 2 | v "

iy | w | | wr

STAIRS-RAMPS




STAIRS-RAMPS

LADDER MAX BEST
IN BACK OF LADDER “A" 8"
ON CLIMBING SIDE A" 36" FOR 76” | %" FOR %0°
ua" mil
l‘c" %"
_ W00 0" | 150 |14
PROTECTED METAL 0" 1" {1¢
i P TS
. “F" ”o w°
N f:.:: 5. "G" .'zln

NAX BEST MIN
STAIRS A" 18" %"
ONE «AV g” n X
T4 WAY 8" 51" ["d
I” zon ] _._L ,i”
“p* %" 3" X"
“g" 312" 9.5"
—_— l*” Lsn 0:‘ R
] w0 »yw ) n
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STAIRS-RAMPS

TYPES OF STRUCTURES (IN ORDER OF PREFERENCE)
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CONTROLS

Recommended Spacing Between Controls

£0GE TO EOGE SEPARATION
CONTROL MEASURE OF SEPARATION TYPE OF USE DESIRABLE MINIMUM | DLSIRABLE DISTANCE
FOR STATIONARY FOR MOVING
SITUATION VEHICLE SITUATION
ONE HAND "
INDIVIDUALLY r $
CRANKS
TWO HANDS - "
SIMULTANEOUSLY §
ONE FINGER .
INDIVIDUALLY o r
2 ONE FINGER =" "
PUSH BUTTON| SEQUENTIALLY .
. DIFFERENT FINGERS
INDIVIDUALLY OR . '
SEQUENTIALLY d d
ONE FINGER - "
INDIVIDUALLY 5 7
ONE FINGER . "
ToSaE SEQUENTIALLY 5 ¢
DIFFERENT FINGERS )
INGIVIOUALLY OR & 78
SEQUENTIALLY ,
LEVER LOCK FINGER AND THUMB " >
saTcH '-mmwomu .
ONE HAND .
INDIVIDUALLY ! T
KNOBS
SIMULTANEQUSLY §
ONE FOOT = i ¢
" PEOALS
ONE FOOT = . ¢ &
RANOGHLY B¢ o
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CONTROLS

TYPE: ROLLER (CONTINUOUS) :
LENGTH = 1,000 TYPE: TOGGLE SWITCH
WIDTHZ= 375 DIAMETER = .125
SWEPT AREA: HEIGHT = 375
BARE HAND: MAJOR AXIS= .8 SWEPT AREA:
MINOR AXIS= 1.8 BARE HAND: MAJOR AXIS= 1.30
CLOVED HAND- MINOR AXIS = .85
X MAJOR AX1S = 2,12 GLOVED HAND: MAJOR AXIS=1,30
O MINOR AXIS = 1,25 MINOR AXIS = .85.
T\
4 \1 AT
VT T { S
IER TR 1
T } I,
b \ .
\ J S V[
N o~ N
TYPE- ROUND KNOB TYPE: ROUND KNOB
: DIAMETER = .125, { DIAMETER = ,875
HEIGHT = ,500 N . HEIGHT = ,500
SWEPT AREA: SWEPT AREA:
BARE HAND., DIA= 1.2 BARE HAND: DIA=1.8
GLOVED HAND: DIA= 1.4 GLOVED HAND: DIA = 24
Bt
" N
/‘ ? -\‘ - 1/ ( ]
4 P
N) | /} Z BL
AT R N/AN/ANEA)]
{ ; Y JiPi
w7 ﬂl P
=

BARE HAND =wmwmmse  GLOVED HAND o= o= ==

Criteria for Minimum Control Spacing
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CONTROLS

TYPE: PUSHBUTTON
DIAMETER = .125

HEIGHT = .187
SWEPT AREA:
BARE HAND: DIA= .65

GLOVED HAND: DIA= .85

TYPE: PUSHBUTTCN
DIAMETER = .500
HEIGHT = .375
SWEPT AREA:
' BARE HAND: DIA= .90
GLOVED HAND: DIA= .90

\
]

N

L)
-

TYPE: ROUND SELECTOR KNOB
’ OIAMETER = ,425
HEIGHT = ,625
SWEPT AREA:
BARE HAND: MAJOR AXIS=1.2
MINOR AXIS = .9.
GLOVED HAND: DIA= 15

\
)

s g

[
' 1/

Y, 2 \
LT

|\

A=

TYPE: BLADE KNOB -
WIDTH OF BLADE = ,375
LENGTH = .500

_ HEIGHT = ,500

SWEPT AREA:

BARE HAND: DIA = 1,35
GLOVED HAND:
MAJOR AXIS = 2,19
MINOR AXIS = 1.50

BARE HAND s=mmmsse GLOVED HAND o= ——

Criteria for Minimum Control Spacing
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CONTROLS

TYPE: ROUND SELECTOR KNOB' TP HE XA AL N
DIAMETER = .62 MEIGHT = .375
REIGHT = ,50 SWEPT /.REA: o
- SWEPT AREA: " 4AN
) BAF. HAND: DIA- 1.0
: MAJOR AXIS = 1.65
MAJOR AXIS= 1,75 AINOR AXIS= 1.0
_ MINOR AXIS = 1,25 ——
v + L‘.Jv-i
‘! | |5 "l\
4N ol
AT A AN,
~ TAD NN
Ped i C\ V\_ T /
QP 4}
a
e )
TYPE: BLADE KNOB
tg:‘g";‘;"&’ TYPE: SKIRTED KNOB
HT =1, o. DIAMETER = ,500
SWEPT AREA: HEIGHT = 375
BARE HAND: DIA=3.37 |[]. SWEPT AREA: )
GLOVED HAND: DIA = 3.50 BARE MAND: DIA = 1.6
GLOVED HAND:. DIA = 2.0
L | . 1
r~—r- — =1
> | v W
ZHRER Enses |
(oY’
)- ()' : ‘\\ »
AT 1TTN ’ ST TS
/?l JASNRE IR R [] Il L= \
, d AR o i
i ] Amunll
N\ Ry A i~
( ) ’ TR
i { 7
\ o) g 71 ==
OIS CLPT 1 17 | )
Q ”1’ R i
\&4

S
BARE HAND mwmemuame GLOVED HAND mm o o

Criteria for Minimum Control Spacing
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CONTi«LS

© ©

,%“"’]‘”\‘fc? A\ LESS AN 20 DEGAIES

Note:

Toggle switches shoula .

k4 Registance .3 takeis to be line- r.

Mirimum friction aad
It should 29¢ be possible for the switch
Snap aclion should be provided with an

e an clustic resistanze, i.e., resistance
should increase slowiy until contact is made, then drop o
zero as the switch snaps into position.
inertia are recommended.
to stop between positicas.
audible click to indicate actuation.

PREFERRED POOR
A L ! D Resistance (oz)¥*
Operating | (Displace- (L.ever Arm (Control Tip Small Large
Method | ment, deg)* | Length, in.) | Diameter, in.) Switch Switch
Miaimum 30 0.5 0.125 8 10
Maximum 120 2.0 1.000 16 40
S (toggle switch separation, in.)
One Finger, Many Fingers,
One Finger sequential simultanecusly
.Ainimum 0.75 0.50 0.62
Optimum 2.00 1.00 | 0.75
#Qptimum displacement is 37 LeZrees.

|

Recommaaded Dimensions for Toggl~ Switches
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- CONTROLS

. e e e

-

i S A Barriers=®
i (Size) (Displacement) | Bw Bd Fesistance
| !
Minimum | 1/8" 3/16" 1C oz
!
i

!
l

3/4n i 1/8"
g 45 oz

%
1/4n AR VIARR VIS
L

i

i

|
Maximum l i-i/2»

i 1 i

*Barriers will have rounded edges.

Legend Switches
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CONTROLS

D d
. (dia, in.) ‘(displacement, in.) Resistance {0z)
Operating Thumb or Thumb or
Method ° |Fingertip|Heel of Hand Other Finger Fingertip| Little Finger
Minimum 0.50 0.75 0.25 10,0 5.0
Maximum| No data | No data 1.50 40.0 20.0
available| available :
S (push-button separation, in.)

One Finger | One Finger, sequentially | Several Fingers
Minimum 0.50 0.25 0.50
Optimum 0.75 0.75 0.75

Note: The optimum push-button diameter in the case of multiple push-buttons
is 0.5 in,, the same as the minimum diametér. Push-buttons to be
operated randomiy or pesitioned blindly should be spaced 5.0 in. apart
on the center of the panel, and 12,0 in, apart on the periphery, There
should be elastic resiswance with sliding friction, Push-button controls

should have a slight initial resistanc-,increasing slowly to a sudden

drop (accompanied by a definite "feel' and audible click) as the circuit
is activatel, '

Recommended Dimensions for Hand Push-Buttons
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CONTROLS

. D
Pointer (in.) (Displacement in deg)
Operating L w H Vigual Non-visual | Resistance*
Method |({length)| (widith) | (depth) | positioning | positioning (o0z.)

e mmm

Miaimum 1.00 0.25 0.59 15 30 12

Maximum | 3.00 1.00 3.00 40 40 43

(90 - when large separations

are necessary)

*Use elastic resistance which builds up and then decreases as each detent is
approached, so that control will snap into position and cannot easily stop
between adjacent positions.

Note: Military Standard MS 25166 -Knob, Poiater, [lluminated meets, to a
certain degree, the above requirements.

Renrommended -Dimensions for Rotary Selector Knobs
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CONTROLS
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CONTROLS

S
sk

L
D Trough W D S
Diameter | Distance | Width | Depth | Separation | Resistance
(in) (in) (in) (in) (in) (in-1b)
Minimum 1.5 * 0.45 0.1 1/8 0.4 1
Maximum 2.5 - - 1/2 - 3
FIG. Descrete Thumbwheel Control
e Ry et
0
SEQUENGE OF ADMISTMDE

¥« COARSE
2 = IO
oAt

4
0.75 0.25

Ganged Knobs, Concentric Shaft
1-92




CONTROLS

Resistance (lb)»*

Operating|{ (Wheel dia, (Displacement, | One-hand|Two-hand
Method in.) (Rim dia, in.) deg) operation joperation
— — RIS
Minimum 7.0 0.75 Nodata available 5 5
.Maximum 21 (both hands 2.0 120 degrees 30 50

on wheel rim)

*For operation with hands opposite each other on wheel rim, optimum

diameter is 21 inches (same as maximum).

#iThere should be minimum inertia when handwheels are operated through
small arcs. Displacement will be determined by the desired control-

display ratio.

1-93
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CONTROLS
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CONTROLS
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Meomentary Action
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Alternale Action
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CONTROLS

SR pasie

2 32 s nmcan > akvmir utTon
e
i

R
-
1j? tpafaje
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P A
gay GlE)Els

Toleronges: Decimais 2.019

TYPICAL PUSHBUTTON SWITCH COMPONENT
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SINGLE

UN'T f 71 i
P "'."'41,‘.‘" . .',.-.. W] .: ~ . ".‘“-...: R .

rremearerrememperrryeremeeeszs. CONTROLS o,

4

I{ e x g :‘r‘t?‘:@'?fg‘l!-i
Ite etk

R

PANEL CUTOUT
MULTIPLE UNITS

£3
. M B 14 B t . -
v ° PP aoe ety Lt -
(UPRY, PP & AT 5 R LA U U PR R D¢ VST

LAY

PANEL CUTOUT

(DIMENS!ONS N 'NCHES =.010)

NO. UNITS

DIM, “A*

NO. UNITS | ['M. ™A™ :} NO. UNITS DIM, “A"

1

1.421

5 6.441 9 11.460

2,677

7.6¢ .- 10 12.715

3.932

2
3
4

5.186

6
7 8.951 11 13.969
8 10.205 12 15.224

1-98
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e

1
TR

CEE e erae -
.- N .

= .010

" | SINGLE UNIT

~ [*1.115 ——

.

S T
uniT F ‘l‘

"7 T - FRONT OF PANEL APPEARANCE
7 mumiee A» .

PANELCUTOUT ~ . = . ¢

T e CCNTROLS ~

.+ PANEL CUTOUT
- AND

4

.

Vel

K

. E

. ; s

. A e

. ERRIEN v -~
. -
-

UNITS .

R et S . R . . . “ 4

et

=P A -
K e aaid i-i“f—’,;.‘- Sl . -

FANEL CUTOUT . (DIMENSIONS IN INCHES - .010)

NO. UNITS | DIM. “A” NO. UNITS | DIM. “A™ NO. UNITS DIM. “A™

1 1.181 s 5.241 9 9.300

2.195 ° 6.256 10 10.315

2
3 3.212 7 7.271 11 11.329
4 4.226 8 | 8285 12 12.344

b

SWITCH-LITE
| Ry
IE]

SWITCH MOUNTING REFERENCE LINE

UNIT
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CONTROLS
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1 -
S

1 2

‘-
3
L

oXog no
LT Tl

TYPICAL TWO-POSITION TOGGLE SWITCH
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CONTROLS

PANEL CUTOUT

/3-1 [+ 7

e

Wil be bt Role for
sedied wni & of Groved
or J0peseance when
Aapeng mosher & verd

]
A

TYPICAL THREE-POSITION TOGGLE SWITCH
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CONTROLS SERIES
DIM.
S M L
ADIA MAX
- a0 TACTILE SYMBOL A 708 | 911 | 1.255
e i g 3% B 634 | 820 | 1166
LAIN € 127~ %01 "
A\ :(.,W:, wsih C | as3 | .90 | .28
-t MAX
y MAX X 252" Boow Y D | .86 | .s45 | .974
c HaPT unden) —
HMAX ggazw . [3 .554 23 1.052
~MMAX ' F 670 | .826 | 1iss
LT i ’."l'i; sHin 6 |15 |10 | e
x-‘““ M]—i RMN H .805 | 1.027 .870
N .
R NC o X .626 .798 .703
DA MIN I
:om MmN l SKIRT M .158 .255 .260
e —poamax | N 02 | M4 | s
DIAL KNOB white
smr—-\ MARKER P 408 | .51 .453
I 7 R 188 | 323 | .262
[} h--.s-t
T A sEEEs 3 568 | 730 | .605
cM il ]——-L.s PLAN VIEW T .340 .484 427
n SHOWING ORIENTATION OF
* i ER N eeoeey v | 1099 | 1399 | 1400
L-Q'_A_m_a_.., 0 LocAnion oF seT w | .s8 | .11 | 10s2
X 62 | .209 | .47
Y 917 | 170 | 1233
SERIES
DIM.
Med Large
waX A .690 .89%4
8 MBOL
PLAIN . ¢ . / TACTILE SYMBOL CAP B 1.038 1344
0
t B Pl B m: ”som o .946 1.221
hax / \ "”:ésg'“" D .486 645
v 7 , 252-"% oia
:w( ‘ (3 mary ances) 3 .289 .395
s _}——— ser_screws® F .335 445
] SN G 619 . <796
NN ‘IL“ 1""‘ H 791 1.015
K .187 .255
b ogmin  MMAX
1 i M .364 479
\sxm' N .026 4
P 193 .328
R .406 .555
3 573 769
. . T 940 1,251
Typical Panel Knob for Use With Shape v by 0
Coded C-p Applications : .
° APP W 1,100 1.400
X 918 L
1-102 Y .08 N2




CONTROLS
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Optional
Calibration
Line

CONTROLS

Dimension

Inches

N vZRErAKNQOQY MO W >

570
1.515
526
.162
2765
654
.825
228
595
1.525
123
«721
445
.590
1.660
400

> ~Aom

———i—

AT ] o :
[ - :’._:..T-:-gl}%’i—-:-'z F‘TL .I-i.
T = T L
0{/ i = . -

Typical Pointer Type

Control ¥nobs

Dimension

Inches

MeRNZREANONEOW >

.885
1.828
526
.162
.885

.825
229
995
1.520
.123
721
445
590
1.633
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CONTROLS

8-32 UNC.JA SCREW

LK.J..\Q*\

o 1,255 MAX

2.516 MAX -
2.385

¥ }

[ iy

. Be9 by
l - |
et lonent 755 MIN
I = e & |
_ X | JTTMIN

Typical Large Control Knob (Pointer Type)

U
.t 3 SERIES
(7Y z
samr| TN IR DIM.
W“ Ll ’ Y i \)
-t
A AN A | 12 | s | 225
\‘ —
~1- 8 1.156 1.594 2.094
J : Cc 427 .489 -.489
#8.22 UNC 3A SET SCREWS D .605 .740 .740
E .870 | 1.088 1114
KMaK
MAX
TACTILE SYMBOL WANGLES o9~ 1 » F 267 .328 .327
g 1 Gl | 700 | .894 .925
PLAIN MANDLES —
A} Vel H 1379 | 1.773 1.799
' Lm
- — ] 1.110 1.50¢ 1.754
¢ ™ i 13 o K - | e 1.969
°. ‘—_'Wr..’.:..‘éﬁa'. :
[ cmax ; L - 1.961 1.987
*.!
toael L..un:‘.l m"mm (s) This dimensien represents the smount of
’ cleora- - evaileble. It is net the sctuel
sonfigwaetion.

Typical Crank-Type Control (Coded Handle Applications)
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i

w32 0C-28 ﬂ-PLAC!S)&

r— 250 OPERATING DISTANCE

N
C

; 1.200 MIN PANEL OPENING

- 2N

1,188
L.62¢

- #5302 UNC-2A RD HEAD SCREW
AND IPLIT L' WASHER

ALL DIMENSIONS 1N INCHES

Typical Rocker Switch (Circuit Breaker)

1-106

CONTROLS



CONTROLS

Unless Otherwise Specified, Decimal Dim. 0.003, Frections =1/44

Example Electric Joystick Controllers

MOICATOR LIGNT (2 MEOY)
R PE2NN

Unless Othorwise Specified, Decimel Dim, 22,003, Practions =1/64

Example Rolling Ball Controller
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CONTROLS

TRULGER. SWITCH

6.00

TYPICAL AIRCRAFT-TYPE JOYSTICK HANDGRIP
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CONTROLS

dI¥YOANVH NDILSAOL IdAL-L4VYDUIV "(VOIdA™

9 HA\Ms
NOLLOQ HNY

HYILI (WS
NoLLISad b

o) Sty 3
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CONTROLS

RACK
é PORTABLE

7.180

LRI EEENER)EIE
‘ OnunE

DESK
L J MOUNTING

16-1/2 J

130
' 2
r s 1-3/4 REF.
2-3/8 e ———— e = 1
-l—— - - * i— ——'—-——-===—I
7

TYPICAL ELECTRONIC KEYBOARD MODULAR SUBASSEMBLY
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AUDITORY DISPLAY
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AUDITORY DISPLAY
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VISUAL DISPLAY

Letter-Numeral Design Criteria for Labeling

]

} HEIGHT

} sTRokE

-lv

Pn

WID1H

STYLE (Do Not Use Stencils)

Letters and numerals shall be simple block type

a. Typical Fonts for b. for printing
Engraving
Gorton Extended Airport Semi-bold
Gorton Normal Vogue Medium
Gorton Condensed Futura Demi-bold

Lining Gothic #66

HEIGHT/WIDTH RATIO

3:5 to 1:1 (1:1 used for mechanical counters only)

STROKE WIDTH

Dark figure on light background 1/6 of letter height
L.ght figure on dark background = 1/8 of letter height

'* TGHT/DARK CONTRAST

Contrast between figure and background shall be 12 or

greater. C = By - By where B; is brightness of light
Bl

color, and B} is brightness of darker color.
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LETTER HEIGHT VS VIEWING DISTANCE
AND ILLUMINATION LEVEL

(MINIMUM SPACE BETWEEN CHARACTERS, 1 STROKE WIDTH;
BETWEEN WORDS, 6 STROKE WIDTHS)

VISUAL DISPLAY

07

0.6

L~

\

)

0.3

0.4 ]

2

-~
/c

e

(inches)

NUMERAL/LETTER HEIGHT

0.3 —?Z/‘
.

/
L
-’
':'L "3l
> 4
=T

0

0O 20 40 60 080 100 120 140 160 180 200 220 240

VIEWING DISTANCE (inches)
~= For instruments where the position of the numerals moy vory and the illumination is between

o-o’ m '-o “"0

- = - For instruments where the position of the numerols is ixed and the illvmination is 0.3-1.0
‘H-l, or where position of the aumercis moy vory ond the illumination exceeds 1.0 #t-,

- - =n For instiruments where the position of the numerols is Axed ond the iHumination is

ohove 1.0 f1-l,
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VISUAL DISPLAY
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Optimum Letter Style for Instrument/Panel Use
(Available in LeRoy L
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VISUAL DISPLAY

sEagEaser’ "ONAREES NUSEEREGR’ BESZEDD _.
sEEEREES an ENEElenus SRSEUEEERr GERANER L)
L] _ARE) saasgussmr sans L]

] NERF SRARBRESF s . Ty
L il L]

- - — -

]

. - ann

s SASARERT """

L) .Illlllln

.

Optimum Numeral Style for Instrument/Panel Use
(Available in LeRoy Letter Guide)
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VISUAL DISPLAY

Optimum Scale Mark Dimensions for 28-inch Viewing
Distances

o5 *BLACK ON WHITE
s o
o W ot 030 —
[ 025 *l I~
4 ||l
LU mlonnol
| | 0.07 |~a—min seP '

NOTE: THESE OIMENSIONS APPLY TO ALL MARKINGS, BLACK ON WHITE OR WHITE ON BLACK,
EXCEPT AS INDICATED BY ASTERISKS.

Criteria for Instrument Scale Breakdown Definition

Good Fair Not Azceptable
1 2 3 4 51 2 4 6 8 10/ 0 2.5 5 7.5

5 10 15 20 25[20 4 60 80 100} 4 8 12 16
10 20 30 U0 50 (200 40O 600 800 1000| O 15 30 L5
SC 100 150 200 250 30 60 90 120
100 200 300 400 500 0 60 120 180
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VISUAL DISPLAY

&

TEa' CONTROL AND MONITOR\

P
/

[POWER CONTROL] SUBSYSTEM 1 SUBSYSTEM 2 SUBSYSTEM 3 T
M|  ac powenr i INPUT CURRENT OUTPUT VOLTAGE
TEST STATUS A 8
\ nsv 60 NORMAL|NORMAL
1 1\60 CPS, NO 6O AMPS ow | Low | |
]
| e TEST FUNCTION
M TEST CONTROL = orF
POWER ON CHANNEL SELECT A~CA B
Y, ® CH O\ U
[Fuse] OFF OUTPUT MONITOR
l — N o 0
e, el é@ == —\
Typical Panel Labeling Standards
Label Designation Letter Size Location

1. Panel title

2. Panel subsection

3. Subtitle

4. Toggle switch

5. Single component

6. Rotary switch

positions

18 pt (0.187 in.)
14 pt (0.156 in.)

12 pt (0.125 in.)

10 pt (0.093 in.)

12 pt (0.125 in.)
10 pt (0.093 in.)

Centered; 14 in. from top edge of
panel

Centered at top of subsection;
3 in. from top edge of panel
. in. above compoaent(s) or
4 in. above lzbels of individual
components

Y, in. above and below standard
switch

Y in. above component

Y in. from apex of pointer, line
from pointer to label
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VISJAL DISPLAY

AIR DATA TAPE DISPLAY

‘\(/\1 A - 1;0 to 3.50
—_— B - 7.75 to 10.0
-

C‘a.o

o
l"'m_‘l_l_ "b 7.2
: ‘ T 5425
6 I L,i-.] ;
1 It

SOLID STATE METER DISPLAY
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2.25

2.6235
.593
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TYPICAL METER DISPLAY
-- 2,375

4.6
5.75
1,7
1.5
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VISUAL DISPLAY

ATTITUDE INDICATOR

A-1.9 to 4.25
B - 205 to 500
C - 6.5 to 8.0
D - 1.25 to 1.5

HEADING/SITUATION INDICATOR

A - 4025
B - 5.0
c - 7.0

STANDBY HEADING INDICATOR

A~ 1.875
B - 2.375
c-~-7.0

TYPICAL FLIGHT INSTRUMENTS (Dimensions im inches)
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VISUAL DISPLAY

J e re oD

“~OPE TYPES
TYPE A TYPL B | TYPE C :
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\ | 3
J] | ¢ ’
] q .
N : 3
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w H
RANGE t AZIMGTH
|
TYPE D ! TYPE F
t
3 X
3 z B
Y : N
. 1 U W
8 |
== Obsolete: used

AZimy 24
» AN 3
in prOtOtype ! : AZIMETH ERZIR
A’ I i .
; Length of: Left dot TYPE I Radius of cinmr
B wings in-: gives Rng cle propor-
i versely i Az. Right tional to
§ propor- ? dot gives - Range. Bright:
i tional to. : rough est part of
! range i §! Elev. circle indi-
{ i . cates direc-
L h - i tion axis of cone to
i3 BTIP TN ER[ZR H AZINMUTH i
3 : target !
‘1 TYPR J {  TYPE K . TYPE L
* Like Type AJ When pips
? k bl
. \\\\but time i > of equal ) H
é’ base is cir %i size, an- ///’—“\\\\ ///i;:\\\w
1] cular & sig+ y{ tenna on R . / ; V:
‘i; _a/A/ nals appear | 3| Tat. \ K == kX
N as pips § g NG ! “
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RANG E RAN 52
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—————
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9
ip
§
!
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=
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———

RANEE RANGE

TYPE P (PPI)

!
|
§
Range meas- |
.. ured radlally
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VISUAL DISPLAY

Engraving Configurations

CALL.OUY EXAnM 8

STARY —
uoToR —

f 1! l “ “w " "
raat atren | Lo e e o o Lo
oLErrens sun now L4 Ao

——
b — =
L]

v

=l Bl B EE B B el 28] 58
e e—— e —
SEECEEEL

ll—’.u. AND TEO-COLON BSLAY -:—, ‘—.—n.u:n. [ 4 :i'\nv —;Jl

SLETTEANS PEN ROW
% B0

Lamp and Switch Terminal Ildentification —

TOP LAMP SCHEMATIC n";:";’;._ s roo

! 1 t: ‘.—-—-’4

T /] & & & '
{31 V2 — o2 2 X roromae con
= } e AT

FRONT VIEW 1 2 3 REAR VIEW g::e:ua con

(Numbers correspond to 1amp erminals) 4 -Aaorp writs alse avariable
LAMP LOCATION AND LAMP TERMINAL IDENTIFICATION SWITCH TERMINAL IDENTIFICATION

NOTES:

1. On 2 PDT switches, switch terminals ere fummished

in center oaly.
2. Terminals will

3. Electrical ratings: 3 amps resistive, 1% emps in-
ductive, 1 amp lamp load.

accept two No. 20 AWG wire lesds. 4, Holding coil power requirement: Maximum 3 wetts.

Out‘line Dimensions and Panel Cutout

3.003 MAX.

A -
2.20 MAX. ) |
a7 ]
R Y
1.000 s o bl:'-l

318 o I
= : :

All decimal dimensions e £.010", i—

NOTES:

1. The unit will mount in panels 3/32" to 3/16" thick. For units to fit other panel thicknesses, contact the

factory.

2. When mounting unit on en., the side marked ‘‘top’’ is on the IoQ. as viewed from the troat of the panel.

NO. OF UNITS IN ROW 1 2 3 4 L] é 7

\_ roLoing coi vt
MAX. '

PANEL CUT.OUT DIMENSIONS IN INCHES (£.010)

s
Horizontal Row A’ 920 | 1925 ] 2930 | 3.935 | 4.940 | 5.945 | 6.950 | 7.958
Vertical Row B’ 670 | 1.425 | 2.180 | 2.935 | 3.690 1 4.445 | 5.200 | 5.955

-r-mmt..u.-.n@ﬁ-mmmmmmnumum.

BACKLIGHTED SWITCH-INDICATOR




VISUAL DISPLAY

PROJECTION-TYPE DIGITAL READOUT

QnNoO
L ] L[] * [ ]
3NN
[ I I |

<MOUA

PROJECTION-TYPE DIGITAL READOUT/SWITCH
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VISUAL DISPLAY

THRTADED FON
44l SCREW
%0
AL ‘k'

>
- I ;
1020 ]
L =

i

Nata ticon
Sussis Tehms

]

RECTANGULAR *

TYPICAL ELECTRONIC DIGITAL READOUTS
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FLAT

FOR -
e \ 85/84° —| OF CaviTY

e e
nZmmmim £ 000
i PN TRy,
T >~.;gm i Pk=- I i
SI0E ON~~Jomet15/32* THICGHNESS 00
e
NOLE S1ZE: .378* i

For use with Pliot Lampe

»r 3/8° 32 THREAD

FIGURE 2

11" 1 39 AR,
m
S0 OUICH-CONNECT TERMIMALE. I
NICKPL. PLATED BAASS
HOLE 8428 .T90”

TYPICAL PILOT LIGHT ASSEMBLIES
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VISUAL DISPLAY

-
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\X)
%’0’0.'.‘.

AR YY X

\AAS

OO0

OO0}

OO

A3 N7 T WA, PANDL THICKNESS W

PRESS TO TEST INDICATOR LIGHTS
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VISUAL DISPLAY

COLOR CODES FOR INDICATOR LIGHTS & ANNUNCIATORS

Color Operator Response Meaning
Identification Operator should adopt Danger
RED some abnormal procedure . .
s . Killer warning
or initiate remedial
emergency action Master summation
Immediate action re- Malfunction,
quired action, stopped,
failure, stop
action
Identification Operator should monitor Extreme Caution
AMBER in preparation to adopt Technical hold,
abnormal procedure or .
. . temporary inter-
remedial action .
ruption
Identification Cperator siiould continue | Master summation
EN i i .
GRE normal monitoring and/or Go ahead, in tol-
operating procedures
erance, acceptable,
ready, normal
Identification Awareness of functional Function, physi-
LUNAR WHITE conditions, no action cal position,
required action in progress

CODES FOR IDENTIFICATION OF DISPLAY OPERATING RANGE

In-tolerance
Scfe
Normal

Maorginal
{caution)

Danger

{out-of-toleronce)

Red Desirgble
outo-rich

Dasirobls
auto~lean

1-129
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VISUAL DISPLAY

"
o . MIXTURE DIAGRAM ACCORDING TO THE
1931 1.C.1. STANDARD OBSERVER

AND COORDINATE SYSTEM

“0pe0 SHOWING U.S AVIATION
‘e, LIMITS

) ‘0880 gienee-auny

L]
A Pianckisn Locus based
"om ON Cyia 320 Micron degrees
40
‘.. MATIONAL BURTAY OF STANBARDS
.'0"0 MOTOMETAY AND COLAARIETRY SECTIIN

.- Awiation White®

' qoqwl snergy I e
30 {
. ! we e

IlljllllllllllllllLl_LJ,ll[llLlllLLJ[lJ_ll'llll'LlllllllAILLlLlL‘

700790

.

1

.20 -

40 AMwiotion ° "E

3

0.00 : d
0.00 T 20 30 A0 30 80 J0 080

X

C.I.E. Diagram Shcwing Aviation Color Limits
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VISUAL DISPLAY

General Standards for Color Coding

| cables.

Coalor Safety Code* Ground Equipment Colors*x*
Red Fire protection equipment Safety and protective equipment
Fire exit signs (with red streamers where attached
Danger to spacecraft)
Stop Crash fire and rescue vehicles
Fire protection equipment
Danger and stop signs
Light — -—
amber
Orange Dangerous parts of equipment | High voltage areas
High voltage areas
Orange- -— Vehicles used on launching complex
yellow Caution signals (with black stripes)
Yellow Caution: physical hazards Flight line equipment
(also yellow and black stripes)| Physical hazards
Green Safety and first aid equipment | Safety and first aid equipment
(olive First aid poxes (green cross on white)
drab) Astronaut breathing oxygen cylinder
(with white band)
Interiors of closed ground vehicles
Gas masks
Safe signal
Blue Caution: do not start or Covered electrical outlets
equipment under repair Fuse box exteriors
Exteriors of ground vehicles
Purple Radiation hazards —
Black Traffic markings within Top surface of vehicles used on snow
enclosed areas (also black- or sand
white combinations)
*American Standards Association (Z53.1 - 1953) and National Safety Council.
[ %%HIGED A.2.7; See reference for color codes for fluid lines, fuses chassis
wiring, compressed gas cylinders, capacitors, resistors, and electrical
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Electrical Conductor Color Coding

VISUAL UISPLAY

r
! Cable Coding Standards
Number of
Conductors
Instructions Desired Basic Color Tracer
1. Enter thet le at the 1 Black None
particular aumber of 2 White None
conductors desired to 3 Red None
be color coded. 4 Green None
5 Orange None
2. The colors appearing 6 Blue None
to the right of the 7 -White Black
entry are the appro- 8 Red Black
priate combination 9 Green Black
for the particular 10 Orange Black
number of conductors 11 Blue Black
12 Black White
3. For example, ifa 13 Red White
cable consists of 12 14 Green White
conductors, the 12th 15 Blue White
color combination 16 Black Red
would be black and 17 White Red
white. The eighth 18 Crang. Red
color combination 19 Blue Red
could be red and 20 Red Green
bluck.. 21 Orange Green
Note: 1. l: a cable has concentrically laid conductors, the first
combination or color applies to the center conductor.
If a cable contains various sizes of conductors, the
first color applies to the largest and the sequence
continues in order of conductor size,
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VISUAL DTSpr*~”

Hydraulic Conductor Color and Pattern Coding

Hydraulic Coding Standarde
Zip-A-Tone
Function Color Pattern and No., Definition of Function

Intensified ' Black Pressure in excess of supply

pressure. pressure induced by a booster
or intensifier,

Supply Red Pressure of the power actu-

pressure ating fluid.

i Charging Intermit- . Pump-i .ist pressure, higher
pressuvre tent red than atri~ccaeric pressure,
Reduced Same Same 'Auxiliary p: ssure lower than
pressure ’ supply pressurc.

' Metered Yellow Fluia at a controlled flow rate
flow (other than pump delivery).
Exhaust Blue Return of the power actuating

fluid to reservoir.

Intake Green Sub-atmospheric pressure,
usually on the intake side of
the pump.

Drain Same Same Return of leakage of control
actuating fluid to reservoir.

Inactive Blank Blank Fluid within the rircuit but not
serving a functional purpose
during the phase being

Z represented.

ﬁ Note: See also Rocketdyne Design Manual 2-1701, Specifications FA6-4

¥ and 10375, and NA Standards 5T1 - 5T17.

i Source: J.I.C. Hydraulic standards for industrial'equipment.

3 JIC-H1. 4 Fluid Color and Pattern Code (Rev. January 1953;

% October 1957 ed.!}

é~— -

e AR
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VISUAL DISPLAY

Pneumatic Conductor Color and Pattern Coding

Pneumatic Coding Standards
Zip-A-Tone
Function Color Pattern and No. Definition of Function

Intensified | Black DPressure in excess of supply

pressure pressure induced by an inten-
sifier or booster.

Supply Red Pressure of the power actu-

pressure ating air.

Charging Intermit- Compressor-inlet pressure,

pressure tent red higher than atmospheric
pressure,

Redvrced Same Same Auxiliary pressure lower than

pressure supply pressure.

Metered Yellow Controlled flow rate.

flow

Exhaust Blue Return of the power actuating
medium to the atm.osphere.

Intake Greew Sub-atmospheric pressure,
usually on the intake side of
the compressor.

Inactive Blank Blank Air pressure within the circuit
but not serving a functional
purpose during the phase
being represented.

Note:  See Also NA Standards 5T1 - 5T17,

Source: J.I.C. Pneumatic Sta- -~ -ds for industrial equipment, JIC-Al. 4

Color and Pattern Cc . ev. January 1955; March 1957 ed.)
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‘039 ‘smef aomod ‘sadjjoa ‘soadtaap Bunnd
‘saeo8 ‘sAd(nd jo so7po pasodxs ‘suojinq Bunyaeis Ajajeg

8381X2 paezey Ajojes e pue
uaodo aae spaen8 10 si00p danso[ouUd Udym a98uep aziseydws
03 st asodang ‘aanfutl IsIMIAYI0 10 Yd0ys ‘ysnad ‘Ind Lew
Yorym judwdinbe pazidiaud 10 sauiyorew jo gjaed snosadueq

esn Jedwdd g,

Suyueapy

93ueaQ

Lasulysoew snopaezey uo sreq doys Ao>usaBaowe
‘Aasuiydew jo Buiddois AouaBiswo 105 pasn uoiing dojg

osn [esidA g,

dojg Burveapyy

UO}IONIISUCD IO SUOTIIONIISQO

L1ezodwal uo siydyy psa ‘(sasureiuod Buiddiys Buipnjoxa)

J 08 mo12q 10 je jujod yseyy e Buiaey spinbi ajqewuery
JO sasutejuod djqejaod 124jo 10 sued A39jes ‘sulis 198ueq osn JedidA g,
138ueq Butueo

Buidid aopyutads 9a1y fsusais pue ‘sdwnd
‘sjueapdy oa1y !saxoq jadue[q 211} ‘suoljed0] @soy a1y ¢s(ied pue
‘s3onqg ‘sasysinBu1Ixd a1y {suBys 3}xa a1y ‘saxoq waele a1 g

osn jedudAg,

snjexedde pue umo:.&m:vo uotjo9joad oay g Buyueopy
POy
8upop 10710D

83p0) 1070 judwdinby

1-135



VISUAL DISPLAY
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VISUAL DISPLAY

Bortle-type Cylinder

® 1.0 in. space between bonds 1o be omhited If 8 and C are of some color

‘-- -

(4 ~

S Al

Tube-type Cylinder

Dimensions of Color Coded Areas (in)
L A 8end C
(Cylinder length) (Cop ond shoulder) {Color bands)
30.0 ond under Sottle=type: one-fourth of L - Cop ) 2.0
Tube-type: one-fourth of L
Over 30.0 (independent of cylinder length) 3.0

Gas Cylinder Color Coding Requirements
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VISUAL DISPLAY

Gas Cylinder Color Codes

Area To Be Coded
A B C Remainder
Type of Gas (Top) [(First band) |(Second band) |of cylinder
Fuel:
Petroleum, liquefied Yellow Orange Yellow Yellow
Petroleum, non-liquefied | Yellow White Yellow - Yellow -
Hydrogen ' Yellow Black Yellow Yellow
Manufactured gas Brown Yellow Yellow Yellow
Acetylene Yellow Yellow Yellow Yellow
Refrigerant:
Ammonia Brown Yellow Orange Orange
Freon Orange Orange Orange Orange
Methyl chloride Yellow Brown Orange Orange
Oxidizing gas:
Oxygen Green | . Green Green Green
Oxygen, aviator's Green White Green Green
Air, oil-pumped Black Green Green Black
Air, water-pumped Black Green Black Black
Helium, oxygen White Green Black Black
Oxygen, carbon dioxide Gray Green Black Black
Inert gas:
Carbon dioxide Gray Gray Gray Gray
Helium, oil-pumped Gray Orange Gray Gray
Helium, oil-free Gray Orange Orange Gray
Nitrogen, oil-pumped Gray Black Gray Gray
Nitrogen, water-pumped | Gray Black Black Gray
Fire extinguisher:
Carbon dioxide Red Red Red Red
Methyl bromide Red Brown Red Red
Source: Handbook of instructions for ground equipment designers,
ARDCM 80-5.
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VISUAL DISPLAY

Gas Cylinder Color Code Meanings

Color Fed. Std. 595 Meaning

Orange Yellow 13538 Flammable materials; materials
commonly known to be flammable

Brown 10080 Toxic and poisonous materials;
extremely hazardous to personnel

Light blue 15102 Anesthetics and harmful materials

Green 14110 Oxidizing materials; materials
which readily furnish oxygen for
combustion

Aircraft gray 16473 Physically dangerous because of
state of temperature, pressure, etc

Insignia red 11136 Fire extinguishing materials

Jet 17038 . No significant meaning

Insignia white 17875 For general use where specified

Orange 12246 No significant rmeaning

Middlestone 30266 For use on selected groups for
. segregation purposes
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VISUAL DISPLAY

GOLOR STANDARDS (Reference FED-STD-595)

Instrument Panels Avoid white, yellow, red;
other colors may be used
to obtain interior color
coprdination as long as
reflectance is 25% or lower.

Instrument face: # 37038 - Black

Label lettering and # 37875 - white
instrument or panel

markings:

Non-célor coded con- Avoid white, yellow, red;
trol knobs, handles, other colors may te used
ete: to ottain interior color

coordination as long as
reflectance is 50% or lower.

Color coded controls: # 11105 - RED
# 13538 - Yellow
# 14187 - Green
# 15123 - Blue

Indicator Lights Aviation RED

Aviation Yellow
Aviation Blue

Aviation Green

Meter/Instrument # 11105 RED
Banding:
# 13538 Yellow
# 14187 Green
Notes: a. Non-glossy finishes shall be used on any surface

normally exposed to (driver's) view whether they
are metal, plastic or painted.

b. RED should te reserved for WARNING or emergency
elements, or conditlions. !

AMBER or yellow should be reserved for CAUTION
elements, or conditionsd,

GREEN should %“e reserved for READY/SAFE conditions,

.
ey

COLOR/FINISH RECOMMENDATIONS FOR CONSOLES
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CHARACTERISTICS OF CATHODE RAY TUBE PHOSPHORS

Phosphor Phosphorescence Persistence

L]

Pl Yellow-green Medium 0.238
P2 Yellow-green Medium 0.279
P3 Yellow-orange Medium 0.523
P4 White Med.short 0.270
P5 Blue Med.short 0.169
Pé white Short 0.338
P? Yellow-green Long 0.357
r8 Replaced by P?
P9 Withdrawn
P10 Dark trace screen Very long
P11l Blue Med.short 0,139
P12 Orange Long 0.605
P13 Reddish-crange YMedium 0.670
Pl4 Yellow-orange YMed.short 0.150
Yedium 0.504
Pls Green Short-V.short 0.246
P16 Bluish-purple Very short  0.175
P17 Yellow Long 0.202
P18 white Med to m.short0.333
P19 Orange Long 0.572
P20 Yellow-green Med.to m.long 0.426
P21 Reddish-orange Medium 0.539
P22 Tricolor: essentially Pl + p4 + P27
F23 Low temp.white Med.short 0.375
P24 Green Short 0.245
P25 Orange Medium 0.557
P26 Orange Very long 0.582
P27 Reddish-orange Medium 0.674
p28 Yellow-green Long 0,370
P29 Alternate stripes of P2 and P25

0.712
0.534
0.469
0.300
0.132
0.374
0.537

0.148
0.394
0.329
0.093
0.443
0.439
0.903
0.390
0,347
0.422
0.546
0.373

0.390
0,441
0.430
00416
0.226
0.5%

VISUAL DISPLAY

ICI Coordinates

* Persistence: Time to decay to 10£ of initial brightness

Word Description
Very long

I-On‘

Medium

Medium short
Short

Very short

Time

1 sec. or over

100 msec. - 1 sec.
1 msec. - 100 msec,

10 msec. - 1 msec,

lusec. - 104 sec,
Less than lusec.
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ILLUMINATION

TASK CONDITIONS FO0 CANDLES

ROUGH SEEING TASKS ~

INACTIVE STORAGE, HALLWAYS, LARGE OBJECTS 1705
CASUAL SEEING TASKS

ACTIVE STORAGE, SERVICE AREAS, STAIRWAYS 57010
VISUAL TASKS COMP ARABLE TO READING 10 OR 11 POINT
PRINT ON GOOD QUALITY PAPER (I.E., GOOO LEGIBILITY) 1070 15
VISUAL TASKS COMPARABLE TO READING NEWSPRINT 15702
ORDINARY SEEING TASKS INVOLVING MODERATELY FINE
DETAIL WITH NORMAL CONTRASTS

READING,HANDWRITING, ORDINARY BENCH AND .

ASSEMBLY WORK 2070 30
VISUAL TASKS REQUIRING VERY FINE DISCRIMINATION,

SMALL DETAIL, FINE FINISHING, FINE ASSEMBLY 30 TO 50*
DIFFICULT VISUAL TASKS WITH POOR CONTROL AND
PRECISION REQUIREMENTS

EXTRA FINE FINISHING OR ASSEMBLY UNDER LOW

BRIGHTNESS CONTRAST CONDITIONS 50 TO 100*

GENERAL: Seeing Task vs Illumination Level
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ILLUMINATION

Specific Illumination Levels

Specific Illumination Level Requirements

Lighting (foot-candles*)

Work Area or Type of Task Recommended | Minimum

Aerospace Component Assembly 30
Assembly, g.neral:
1. course 20
2. medium 50
3. fine 100
4. precise 300 200
Bench work:
1. rough 20
2. medium 60 50
3. fine “ 100
4. extra fine 300 200
Business macl.ine operation 50
Corridors 5
Dials 30
Drafting . 50
Electrical equipment testing 50
Emergeacy lighting “F 3
Gages 3G
Hallways 1l 5
Inspeci.on tasks, general:
1. rough 20 -
2. medium 60 50
3. fine 100
4. extra fine -300 200

i* As measured on the task object or 30 in. above floor.
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ILI"™INATION

Specific Illvmination Level Requirements (Cont.;

Lighting (foot=candles*)
Work Area or Type of Task Recommended Minimum
Machine tool repair 100
Machine operation, automatic ‘ 30
Meters 30
Missile;, Aircraft
1. repair and servicing 50
2. storage areas 10
3. assembly 30
4. general inspection 50
Office work, general 30 >5 |
Ordinary seeing tasks 30
Panels:
1. front 50 30
2. rear 10
3. inside. 5
Passageways 5
Precision work, extreme (such
as diemaking) , 700
Reading:
1. large print 10 5
‘ 2. newsprint 25 10
‘! 3. handwritten reports, in pencil 20 10
4. smell type 30
5. prc.»nged reading : 50
Recording 50
-
Repair work:
1. general 50
2. instrument 100

k As measured on the task object or 30 in. above floor.
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ITLLUMINATION

Specific Il1lumination Level Requirements (Cont.)

Lighting (foot-candles¥)

Work Area or Type of Task Recommended Minimum
Scales 30
Screw fastening 30
Service areas, general 10
Severe visual tasks, in general
work situations 50 40
Sheet metal work 20
Stairways 10
Storage:
1. inactive or dead 5 2
2. general warehouse 5
3. live, rough or bulk 5
4. live, medium 10
5. live, fine 20
Switchboards 30
Tanks 20
Testing:
1. rough 20
«. fine N 30
3. extra fine 100
Transcribing and tabulation h 50

* Ag measured on the task object or 30 in. above floor.

of light.

light for optimum visibility.

hazards.

. Note: Some unusual inspection tasks may require up to 1000 frot-candles

A3 a guide in determining illumiration requirements, the use of a
steel scale with 1/64-in. divisions requires 180 foot-candles of

Jse explosion-proof lamps neir fuels or other explosion or ‘ire
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TLLUMINATION

ILLUMINATION STANDARDS FOR VEHICLE INTERIOR/INSTRUMENTATION

LIGHTING

CONDITION OF USE SYSTEM BRIGHTNESS ADJUSTMENT

General interior White flood, Minimum - 15ftL Fixed

illumination indirect/dé-
fused

Map reading wWhite flood, 15 to 50 ftL Continuously
imdirect/de- ad justatle
fused

Instruments White flood, 0 to 100 ftL Con“inuously
diffused or ad justable
back-lighted

Labels, panel White, tack- O to 100 ftL Continuously
lighted or ad justable
transillum.

warning/Advisory RED - Warning| 150 ft L Fixed

indicator lights

AMBER _ OTHER

Diffused tack
or integral

light

Notes: a.

Light source (or reflection from) shall not te visible

to the operator in his normal driving position.

b. Illuminatior. shall te equally distrituted across instru-
ment face or label; trightness variation should not ex-

ceed 3;1.

¢. Transilluminated markings shall te sharpliy defined and
readable from any angle up to 60° from ERP.

d. Instrument cover glass shall be anti-glare coated,
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ILLUMINATION

NATURAL ILLUMINATION SOURCE BRIGHTNESS

Natural Illumination Sources Ft, Lamberts
Sun, Apparent 4.086 x 108
to

4.67 x 108
Moon 7.41 x 102
Moonless Sky ~ Clear Night 1.29 x 10°4
Moonlight — Clear 4.70x 1074
Blue Sky 1.81 x 102
Cumulus Sky 7.24 x 1072
Sky — Overcast 11.67
Sky — Light Clouds 1.837 x 103
Sky — Dark Clouds 94.26
Average Clear Sky 2.325 x 10°
Sirius 4.30 x 10°
Snow — In Sunlight 4,972 x 102
*Sunlight — Reflected from Cloud Cover 9.290 x 10~} (10%)
*Sunlight — Reflected from Sky 9.29 x 10”1 (1079)

REPRESENTATIVE REFLECTION VALUES FROM EARTH'S SURFACE

Surface Sunlight Reflected (%)
Ocean 3to5
Dry Grass 3to 6
Deciduous Forest 3to 10
Ground 10 to 20
Rocks 30
Lush Grass 15 to 25
New Snow 70 to 86

*As seen from an orbiting vehicle.
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ILLUMINATION

RECOMMENDED REFLECTANCES

Surface (MORefloctanco

@®Ceiling 80% (80-95%)
Walls 50 % (40.60 %)
Floors 30% (20-40 %)
Furniture 35% (2545 %)
Office Machines and Equipmont 35% (25-45%)
Chalkboards ®©15% (15-20 %)

@ Number outside parenthoses indicatos the preferred value: numbers inside repro-
sent poermissible tolerances. Diffuse non-glossy finishes are recommendod through-
out.

® Recommoaded refloctances are for finish only. Over-all average refloctance of
acoustic matcrials may be somowhat lower. The upper walls (oo to two foet
below the ceiling) may be painted with the samo paint as is used on the ecoiling.

® In-service “chalked” valuo. Refloctance of clean board sbould be at least $9%

lo'“a
EFFECT OF COLORED LIGHT ON COLORED OBJECTS
Object Coler Red Light Blue Light Green Light Yellow Light
White Light Pink Very Light Very Light Very Light
Biue reen 1 ellow
Black Reddish Bisck Blue Blach Creenish Black Orange Black.
Red Brilliant Red D.‘ildmukh Yellowish Red Bright Red
{4
Light Blue Reddish Blue Bright Blue Greenish Blue Ug:;: Reddish
we
Derk Blve Dark Reddish Brdlisnt Blue Dark Greenish Light Reddish
Purple Blue Purple
Creen Olive Green Creen Blve Brithant Green Yellow Creen
Yeliow Red Orenge Light Reddish Light Greenish Brithant Light
lrowa Yellow Orange
Browa Brewa Red Bluish Brown Dark Olive Brownish
Browa Orange
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PHYSIOLOGICAL FACTORS

Section 2

PHYSIOLOGICAL FACTORS

This section contains information which relates to
maintaining the human operator within physiological toler-
ance limits which assure safety and effective performance.
Since materials were drawn from other sources there is an
obvious overlap between this and other sections.

The following specific references are suggested for
additional reading:

Benson, 0. 0. & Strughold, H. - Physics and Medicine
of the Atmosphere and Space, John Wiley & Sons, N. Y.,
1960.

Gauer, O. H. & Suidema, G. D. - Gra. tational Stress in
Aerospace Medicine, Little-Brown & Co., Boston, 1961l.

Sell, S. B. & Berry, C. A. - Human Factors in Jet and
Space Travel, The Ronald Press, Co., N. Y., 1961.

Roth, E. M. (ed) - Compendium of Human Responses to the
herospace Environment, NASA CR-1205(vols. I, II & III)

Webb, P. (ed) - Bioastronautics Data Book, NASA SP-3006,
Scientific & Techuical Information Div., NASA, Washington,
D. C., 1964,

AFSC DH 1-6 - System Safety, Air Force Systems Command/
NASA Design Handbook Series 1-0. Space & Missile Systems
Command, Andrews AFB, Washington, D. C. 20331.

NASA CR-1205(III) - Compendium of Human Responses to the
Aerospace Environment, (Sections 10-16) edited by E. M.
Roth, M.D.
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ENVIRONMENTAL TEMPERATURE — °F

ENVIRG. * B :AL CONDITIONS

160

N

150

140

130

)
&
™
N
120 . \ A L
- ]
/
/]

10

100

2N gl
/‘&MV‘ HR LINITED TOLER:NCE

< g HOT ZONE
//“r'xz R~

SITTING MAN DRESSED IN CONVENTIONAL
LIMITED TOLERANCE  ¢,67HING (1 CLO) DOING LIGHT MANUAL
COLD ZONE SioRy

40 AIR MOTION EQUALS 200 FPM
RH = RELATIVE HUMIDITY
% Hifli2 m
0 10 20 30 40 50

VAPOR PRESSURE — MM HG

Tolerance-Comfort Limits, Temperature/Humidity

2-4



per mon - day)

ol
O

, food, and oxygen consumed (
o

Poinds of water

\‘
o

o

ENVIRONMENTAL CONDITIONS

LN 2

Not- .

L ;pendent also on activlty,clothinq, /
humidity, acclimatization, bodyweight, etc,

120

Mean o'r temperu.. #)

—EFFECT OF TEMPERATURE ON WATER,
FOOD,AND OXYGEN REQU'<EMENTS
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ENVIRONMENTAL CONDITIONS

Mean and
Range of Tolere: ‘e Time and
Minimum Sympt: . Time for
High Temperature
100 T T T
anomsere RANGE OF TOLERANCE
A MEAN TOLERANCE TiME
\ —-e—— MINIMUM SYMPTOM TIME
80 A\
< e0
-
=
=
x
140
=
=
20
[ ]
140 160 180 200 220 240
L ENVIRONMENTAL TEMPERATURE —~ °F ‘

Time-Temperature Relationships for Heat Stress Exposure

TEMPERATURE ~ DEGREES

°F

*C

3504177

300-1-149

501

200+

1501

1001+

121

3

(1]

———— U'ALL TEMPERATURE
—=—===A.R TEAPERATURE

2 7 6 « 910 12 14 15 16 18 20 22 24 26 28 30 32 34 36 3B 40
TIME = MINUTES
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ENVIRONMENTA™. CONDITIONS

Heat Storage and Tolerance

OPERATIVE TEMPERATURE — °C
0 30 40 50 60 70 80 90 100 110

8 LI )| LIRS T T l
f' / L ] r - 200
70 N
EXAMPLE N\
kN -
- 60 1' \ T
~ ”
: F B {3
S I /A -«
> 50 - o
= | %, ~
' "0 ' @ !
- ,‘.0‘ [} )o L4 -
e 2 0o =
- 2, 2\ |° 4 8
oy ‘4 () L <
~ \'\'r; 2 s
S Cit—2)\ 2
- [{ /4 A w
- N \’h 1} -
5 ' N g
S i .
- { \ \ - 50
L
1 e t \
° 11 rwwEwIa )
80 120 160 200 240 20 25 30 40 50 100 200
REFERENCE OPERATIVE 1EMPERATURE — °F TIME - MINUTES

(WITH VAPOR PRESSURE OF 20 MM HG)

THIS CHART SHOWS THE RATE OF STORAGL OF BODY HEAT FOR SEVERAL CONDITIONS OF CLOTHING AND
ALTITUDE. W ERE SEATED AND UNTRAINED MEN 1RE ©XPOS<" TO NONCOMPENSA3LE HEAT. ENTRY IS EY
MEANS OF THE REFERENCE OPERATIVE TEMPERATURE, DEFINED AS THE TEMPCRATUEE OF AIR AND
WALLS WHICH, IN COMBINATION WiTh A VAPOR PRESSURE OF 20 MM HG, HAS EQUIVALENT EFFECTS TO
SOME GTHER COMBINATION OF HUMIDITY AND TEMPERATURES. OPERATIVE TEMPERATURE :§ ThE wE!:MT-
ED MEAN OF AiR AND WALL TEMPERATURE, WHERE THE WEIGHTING COEFFICIENTS AR. TH SESFECTIVE
HEAT TRANSFER COEFFICIENTS FOR CONVECTION AND RADIATION,

~
)
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ENVIRONMENTAL CONDITIONS

RANGE AND LEVEL OF SENSITIVITY
TO HEAT EXCHANGE

Temperature Rate of Heat
Temperature Difference Sensation or Effect Transfer
P ¢n* (Btu/sec/sq in)**
2nd-degree burn on
212 121 15-sec contact
2nd-degree burn on
180 89 30-sec contac
2nd-degree burn on
160 69 60-sec contact
pain; tissue damage
140 49 {t )
poin .
120 29 "burning heat” $.58 X 07
10¢ 18 warm _— 3.8 X 10~
Nia 0 neutral; "physiological zero __J 0
cool
54 -37
“cold heat™
37 -~54
pain
32 -59 water freezes
below 32 -59 pain tissve domage (freezing)
*2csed on physiclegical sere (91°F).

**Rei. adicated will produce @ changs in somation in 3 sec (lower figure) or changs the semation frem acuivel te pein in 3 sec (Ngher figure).
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ENVIRONMENTAL CONDITIONS

WATER TEMPERATURE

Chill Index
40 - , —
1. COMFORTABLE WITH NORMAL PRtCAUTION
2. VERY COLD; TRAVEL BECOMES
35 UNCOMFORTABLE ON OVERCAST o{ws
X \ 3. BITTERLY COLD; TRAVEL BECOMES
30 UNCOMFORTABLE EVEN ON CLEAR SUNNY DAYS
4. FREEZING OF HUMAN FLESH BEGINS, DEPENDING
E o ON DEGREE OF ACTIVITY I
N \ \ \'Js SURVIVAL EFFCRTS ARE REQUIRED
e 20
& \ \ l\ s
2 15 N
; . \I\ X
~ T~
5 ™ —
\I\ | T~ N
CALM 1 T
50 40 30 20 10 0 10 -20 -30 .40
TEMPERATURE — °f
Tolerance Limits for Cold Water Immersion
Based on Experience and Laboratory Studies
70

60
50
40
30
s TIME — MINUTES
20 20 30 45 60 120 300 600 1200 2400
0.17 033 05 075 | 2 s 10 20 40
F o TIMF — HOURS




ENVIRONMENTAL CONDITIONS

Clothing Insulation Requirements for Cold
Environments at Various Levels of Activity

r o~

INSULATION

40 -30 200 -0 0 ) 20 30°C

8

14

——poNY SLETTNG BAG

—MHEAVY FLIGHT CLOTHING

\ )
C—1——COVERALLS, JACKEY, WOOLEN UNDERWEAR

—STREET CLOTHING OR 'T COVERALLS
AND COTTON UND.. &

p—

A /////

1

40 -20 0 20 40 60  80%F
ENVIRONMENTAL TEMPERATURE

BASED ON AVERAGE MAN — AREA = 1.8m2




ENVIRONMENTAL CONDITIONS
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ENVIRONMENTAL CONDITIONS

{1157 oo 15
7 [] oesiRABLE AMBIENT NOISE LEVEL |
110 4 ///% N DAMAGE RISK LIMITS - EXPOSURE > IHR. - 110
Y DAMAGE RISK LIMITS - EXPOSURE <[ HR.
105 5 7 . 105
%
1004 A % 100
c 2
- R L/ -
z 95 % 95
L /
w
= 907 A / Zh 1 V1 V7 - 90
o 891 4 q K / / % - a5
S ; \ N / %
(o] A 7 / V/
o ’\\ N & 4.
80 A % N NS
W
w , : \ \
& 75 c a N N \\ % - 75
; HN N N[
a = = N
w 70 1 A N - 70
> 8 A A
§ 65 c L 65
") . .
Y 604 ‘ ' : 1 Y
o B . so
pe |
o 554 - , c _ : L 55
= .
3 8
50 - - 50
c B8
45 4 _ B }as
, 'c B 8
40 - ' - A c L 50
\ ) c ]
35 : 35
20- 75- i50-  300-  600-  !1200-  2400-  4800-
75 150 300 600 1200 2400 4800 9600

FREQUENCY BAND (CPS)

RECOMMENDOED MAXIMUMS:
A. PERSONNEL REQUIRED TO BE CONTINUOUSLY PRESENT, VOICE COMMUNICATION IS
MiNIAAL. ( TELETYPE,COMPUTER, COMMAND TRANSMITTER ROOMS)

8. EQUIPMENT USED RFGULARLY IN OPERATIONAL SITUATIGNS. (E.G.: TCLEMETRY,
RADAR, TT&C ROOMS) :

c. gggla:.'sdiﬁ'f USED IN EXECUTINVE OFFICES AND CONTROL, VIEWING, CONFERENCE

RECOMMENDED AND TOLERABLE LIMITS FOR OPERATIONAL NOISE LEVELS
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ENVIRONMENTAL CONDTTIONS

Tolerance Long Term
Criteria for Noise in (8 Hr) Damage Risk
Manned Spacecraft* Criteria
A
130 m -1
oc
w 120 < AIR FORCE
2 o S 10— , REQUIREMENT
100 S | !
- = l i
£ 90 C ~ : !
~ 80 S 1001 WIDE BAND NOISE !
® 70 NG 2 (EAR PROTECTION MANDATORY)
2 60 S w ' '
< T~ A a WIDE BAND NOISE |
a 50 2 00 {(EAR PROTECTION RECOMMENDED)
o 40 ! NARROW BAND NOISE
z — B z (EAR PROTECTION MANDATORY)
o = T
2 o | 2 sol NAI;RO‘WOTBEACND 'Hlss}o
= EAR PROTECTION RECOMMEND
20 75 150 300 600 12002400 4800 e ( i f ENDED)
75 150 300 6001200 24004800 9600 = .' T
FREQUENCY BAND — HERTZ w 70 L % % L ,._i
£
A MAXIMUM TOTAL NOISE LEVEL = aslis gé:u:?‘::f _1_20312:‘(;@800!9-00
B. DESIRABLE TOTAL NOISE LEVEL FOR SLEEP AND REST 3
*Extracted from Ref 1{C).

Short
Term Damage Risk
Criteria (Wide Bank Noise)

E> OSURE PROHIBITED ABOVE 150 DB

160
NON-AUDITORY EFFECTS LIMIT

150
140 - EAR PROTECTION MANDATORY

EAR PROTECTION MANDATORY

o
o

120

1no

100 |- EAR PROTECTION
RECOMMENDED

0
©
T

(-3
(-]

0.1 1.6 16.0 100 450

OCTAVE BAND SPL RE 0.0002 DYNE/CM?

EXPOSURE TIME — MINUTES
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ENVIRONMENTAL CONDITIONS
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1000

2000
500 o
Helium - oxygen or hydrogen=-oxygun tolerable - 1000 ¢
\ - 800 S
—~600 o
. ver® -1 500 <t
200 -l “otcosgse _ 400 3
nirro9e® 3
ob\e - 300 =
o notic ®
A‘OO )g\o\'c"s\ - 200 ‘:
E | 0 icit 710 8
i _, Oxygen toxicity Jdioo *
2 : £
Q
c 50 <
-
[~
- >
> H
2 20 w
: SEA LEVEL
5
2 10 = 10,000
a
L 20,000
e 5
S »4 30,000
@
40,000
2 \_—
- 50,000
BUBBLES FORM IN B'.00D
i | . l J 60,000
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FNVIRONMENTAL CONDITTIONS

Oxygen-Pressure Effects

TOTAL PRESSURE — PSIA
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THE PHYIOLOGICAL RELATIONS BETWEEN THE PERCENTAGE OF OXYGEN IN THE ATMOSFHERE CF AN
AEROSPAL . VEHICLE AND THE TOTAL PRESSURE OF THAT ATMOSPHERE SHOWN HERE ARE BASED N CON-
TINJOUS EXPOSURE FOR ONE WEEK OR MGRE. ATMOSPHERIC AIR CONTAINS 21% OXYGEM BY VOLUME. AT
SEA LEVE!, THIS LEADS TO A BLOOD SATURATION OF Y5%. TO MAINTAIN THE SAMZ DEGREE OF OXYGEN
IN THE BLOOD AT LOWER PRESSURE, THE PERCENTAGE OF OXYGEN !N THE ATMOSPHERE MUST INCREASE
AS SHOWN BY THE *'SEA LEVEL EQUIVALENT'" CURVE. THE UNIMPAIRED PERFORMANCE ZONE, BOUNDED
BY THE HEAVY LINE, INDICATES THE RANGE OF VARIATION THAT CAN BE TOLERATED WITHOUT PER-
FORMANCE DECREMENT.

THE MAXIMUM OXYGEN TOLERANCE (DEFINITE PATHOLOGY) FOR LONG PERIODS IS CURRENTLY UNDER
INVESTIGATIGN. THE ROLZ OF NITROGEN AND TRACE CONTAMINANTS ON THE SYMPTOMS OF OXYGEN
TOXICITY IN THE 50-100% OXYGEN RANGE IS STiL.!. OPEN TO GUESTION, AS SHOWN BY THE HATCHED AREA.

PROLONGED EXPOSURE TO LOW OXYGEN LEVELS LYING TO THE LEFT OF THE UNIMPAIRED PERFORMANCE
ZONE REQUIRES ACCLIMATIZATION. ACCLIMATIZATION IS ACCOMPLISHED BY CONTINUQUS EXPOSURE TC
SUCCESSIVELY LOWER PRESSURES WITH NC INTERMEDIATE RETURN TO HIGHER PRESSURES. ACCLiMA-
TIZATION TO 25,000 FT REQUIRED 4-5 WEEKS. AS SHOWN, PERFORMANCE 13 STILL IMPAIRED.

THE MINIMUM TOLERABLE TOYAL PRESSURE IS BASED UPON THE EFFECTIVE PARTIAL PRESSURE OF
OXYGEN, DISREGARDING AERGEMSBOLISM, WHICH 'Y OCCUR EELOW 300 MM HG TOTAL PRESSURE lix THE
ASSENCE OF ADEQUATE DENITRCGENATION. THIS AEROEMBOLIS ' 'MITATION IS SHOWN BY THE INTER-
RUPTED HORIZONTAL LINE.

[
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Barometric Pressure Limits

= JUNSAFE DUE TO NITROGEN] / =
100 “INARCOSIS. Op -HE MIXTURES 4 =
C 5000 / / e =
~ 4,000 4 150 <
% 2
[~ 3.000 744 100 -
50 - / 4 7% -
Z |
0 o 2000 Z x
= = : / L
@ | = 77 a
- Wi = UNSAFE DUE ro/ 4 30 .
) ( OXYGEN TOXICITY / =
& g 7 I
2 20— 2 1,000 2 10 g
& w / o
< = / GHA SEA LEVEL
= g 1 5.000
™ = /] -
E WX so -
< -2 - '
- B P 400 ~ @
N 2
o 2 =
300 S 25,000 =
S <
. 30000 X
4 |- 200 ~ . § ) b v -
'{3”5;&’: : J 35000 =
3 v H | oddE S
) *ﬁ”” : 40000 2
B o C 45,000
2 100 '
0 20 40 0 80 100

OXYGEN IN EXPIRED 6AS ~ X

SHOWN HERE IS THE APPROXIMATE RANGE OF BAROMETRIC PRESSURES ABOVE AND BELOW ONE ATMOS-
PHERE (MEAN SEA LEVEL PRESSURE, 14.7 PSIA CR 760 MM HG) THAT CAN BE TOLERATED BY A HUMAN
BEING BREATHING GAS MIXTURES CONTAINING THE INDICATED PROPORTIONS OF OXYGEN, THE HEAVY
LINE INDICATES THE GAS MIXTURE THAT WILL MAINTAIN A SEA-LEVEL EQUIVALENT OXYGEN PARTIAL
PRESSURE IN THE LUNGS AT VARIOUS BAROMETRIC PRESSURES.

ALTHOUGH PHYSIOLOGICAL STUDIES OF PRESSURE EFFECTS HAVE BEEN CONDUCTED FOR MANY DECADES,.
MANY FACETS OF THE PROBLEM HAVE NOT BEEN ADEQUATELY EXPLORED. IT IS KNOWN THAT IF MAN IS
SUPPLIED WITH AN APPROPRIATE GAS MIXTURE, HE CAN SURVIVE CONSIDERABLE PERIODS OF EXPOSURE
TO A WIDE RANGE OF BAROMETRIC PRESSURES. MAN'S ULTIMATE TOLERANCE LIMITS FOR HIGH AND LOW
BAROMETRIC PRESSURES ARE NOT YET KNOWN. LIKEWISE IT IS NOT KNOWN WHETHER THE NECESSARY GAS
MIXTURES FOR SUCH EXPOSURES ARE IN THEMSELVES TOXIC. THIS IS PARTICULARLY IMPORTANT YHEN
MAN 1S REQUIRED TO BREATH 100% OXYGEN FOR CONSIDERABLE PERIODS.
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ENVIRONMENTAL CONDITIONS

Oxygen Costs - Nomograms

Heat output is detemminad from respiratory data in the following way. Firer, the oxygen con-
sumption is calculated from the respiratory ventilation volume of the subject and the difference
in oxygen concentration betwcen the inspired and expired air. Second, the volume is corrected
to 0°C, 760 mm Hg, dry (STPD); this is particularly important at reduced atmospheric press
ures. Third, the heat outout corresponding to each unit volume of oxygen is selected, either by
approximation or from a knowledge of the subject’s diet or from his measured respiratory quo-
tient. For simplicity in calculation, the followiny two nomograms have been constructed.

TOTAL
ENERGY OUTPUT

Bou/he bl e
YOLUME 3000~ 300
OF GAS o
BREATHED 4

CHANGE PER MINUTE
oxveen (sTPD) 4
©; -0, ) 0V Ltere/mia + %00
-~ . 1500
A PARTIAL -
CONCENTRATION  PRESSURE se 1 *
L 3 - maity L
?
J— “ 1300
] we |
- 4
L 20 |
L. o 1000
900 1
™™ 20 :
LX) 1L » 800 4~ 200
- ‘} wi
| 200
1 " »
2t 600 150
+
3 * 360 -4
a
S
4._” .', “ b
4
3 €90~
3 (X - 100
L
w Fw
{ 0
r - “
‘_‘—x 3004
8.2 + 70
1 s b
S 4 ‘ - 60
-‘. 1
] MJL 0
oy [R]
- 30 V "
74
V]

Nomogram a3 uses the standard values: RQ = 1.00 and 1 liter of oxygen is equivalent to 5.0 kcal.
It perm’ts direction calculation of heat output {H) in Btu/hr from oxygen uptake (U) and wentila-
tion rate (V). Alternatively, U can be calculated from H and V, or V from U and H.
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Nomogram b uses the standard values: RQ = 0.82 and 1 liter of oxygen is equivalent to 4.825 kcal
This nomogram allows one to interrelate, by drawing straicht vertical lines, the values for oxygen
consumption (0O), heat output (H), external work output {W), ard carbon dioxide production {C),

at typical conversion rates. Note that H may be as much as 3% lower or 5% higher than the

quoted value at any specific oxygen consumption, depending cn *he RQ, which equals 0.7 for a

pure fat diet and 1.00 for a pure carbohydrate diet. Values giv » in the third and fourth lines

have to be modified if the efficiency changes. Typical runges st 5 to 25%, average 20%, so that
the listed work output may increase by three-quarters if the tash is one that can be performed at
high efficiency (e.g., bicycling). Conversely, the true value may be reduced by three-quarters if the
function is inefficiently performed, e.g., high speed walking.
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COND TULONS

Cassiticaten of Mysicw Wark v > Sevarly
& Oy ar L3 W Biw, 2
Very Lgat wors deiow J (3 delcw 2.2 el M
gt wors Q.13 -2.:3 2% 30 3y - LW
Moceraie wors 3 i¥-~-Q28 $0 - T3 i ~ 278>
Heavy wors .28 - 0.33 TS~ 0N 113y - 23
Very zeavy work .38 - Q.47 0.9 - 22 2330 - WM
Uaduly zeavy work over Q.47 aver 13.% ver 23T}
Oxygen Costs of Soecial Activities
SPECIAL ACTIVITIES
Tyvical values for
Engineering tasks I Oy/hr kcal/min Buw/ne
Medium assemi;xy work o.n 2.9 30
Welding 0.12 3.0 120
Sheet metal work 0.12 3 T80
Machining 0.13 33 800
Punching 0.4 3.5 0
Machine Niting 0.17 4.3 1080
Heavy assembly work--noncontinuous 0.20 s 0
Driving vehicles and piloting aireraft
Driving a car in hight traffic 0.08 1.3 300
Night flying--DC-3 0.06 1.6 380
Piloting DC-3 in level flight 0.07 1.7 400
instrument Janding--DC-4 0.10 3.5 90
Piloting light aircrafl in rough air 0.11 2.7 80
Taxi-ing--DC-3 0.11 29 8o
Piloting bomber aircraft in combat 0.12 3.9 100
Driving car in heavy traffic 0.12 33 160
Drivirg truck 0.1) 3.3 %0
Driving motorcycle 0.14 3.5 "o
Moving over rough terrain on foot
Flat firm road 2.5 mph 0.11-0.19 2.8-49 €60 1140
Grass path t ) 0.13-0.30 3.2-8. T60-1340
Stubble field 2.5 0.16-0.23 4.0-8.) 060-1440
Deeply plowed field 2.0 0.19-0.27 4.9-0.0 1160-1640
Steep 45° slope 1.5 0.19-0.27 w00 11601440
Plowed field 3.3 0.30 1.8 1080
Soft snow, with 44 )b loac 2.5 0.7 81.0 4800
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ENVIRONMENTAL CONDITIONS

SPECIAL ACTIVITIES (continued)

Typical values for

Load carrying 1b O,/ hr kcal/min Btu/hr
Walking on level 2 1 mph 0.07 1.9 45.
with 58 1b load, 2.1 0.11 2.9 630
traincd men 3.4 0.18 4.6 1100

4.1 0.32 83 1980
Walking on level 23 0.09 2.3 550
with 67 1b load, 2.1 0.11 2.9 390
trained men 3.4 0.20 5.1 1210

4.1 0.33 8.4 2000
Walking on level 2.1 0.10 2.5 600
with 75 1L load, 2.1 0.13 3.4 810
trained men 3.4 0.20 5.2 1240

4.1 0.34 8.6 2100
Walking up 36% grade 0.5 0.26 6.7 1590
with 43 1b load, 1.0 0.47 12.3 2910
sedentary men 1.5 0.62 16.0 3800

Swimming on sarface

Breast stroke 1 mph 0.27 7.0 1650
2 1.13 29.0 6900
3 3.78 97.0 23100
Crawl 1 0.35 9.0 2150
2 0.70 18.0 4200
3 1.87 48.0 11400
Butterfly 1 0.47 12.0 2900
2 1.13 29.0 6900
3 2.92 5.0 17850

Walking under water
Walking in tank minimal rate 0.11 2.9 700
Walking on muddy bottom minimal rate 0.21 5.5 1300
Walking in tank maximal rate 0.28 7.2 1700
Walking on muddy bottom maximal rate 0.33 8.4 2000

Movement in snow
Skiing in loose snow , 2.6 mph 0.32 8.1 1930
Sled pulling--low drag, hard snow 2.2 0 34 8.6 2020
Showshoeing--bearpaw type 2.5 0.34 8.7 2070
Skiing on level 3.0 0.35 9.0 2140
Sled pulling--low drag, medium snow 2.0 0.38 9.7 2310
Snowshoeing--trail type 2.5 0.40 10.3 2460
Walking, 12-18"snow, breakable crust 2.5 0.50 12.7 3010
Skiing on loose snw 5.2 0.52 14.6 3800
Snowshoeing--trail type 3.5 0.59 14.8 4200
Skiing on loose snow 8.1 0.80 20.6 4900

Mcasured work at different altitudes
Bicycle ergometer (430 kg-m/min 720 mm Hg 0.20 5.1 1230

430 .620 0.19 4.9 1170

430 520 0.21 5.4 1290
Mountain 880-1037 kg-m/min 610 mm Hg 0.36-0.43 9.2-11.0 2200-2v40
climbing $66- 786 425 €.30-0.37 77- 9.5 1840-2260
1393~ 580 370 0.25-0.41 6.4-10.5 1530-2520

2-23



ENVIRONMENTAL CONDITIONS

Caloric Consumption as a Function of
Length of Stride and Cadence

Dashed lines represent speeds in m/min;
thin solid lines (contour lines), caloric

consumption; heavy solid line, optimal

combinations of cadence and length of
stride for various speeds '

Energy Cost and Strain of Walking with Loads on Sand Dunes {1G)

_H120 m/mun
\85
~
g \‘
™
4
S
£
i~
45 50
125 150
Steps per minufe
Mean kcal/m?/hr for —
Activity
Noload | 251b [ 301b ] 40 b
Treadmill 131 144 - 150
l.evel sand surface 212.2 | 242.6 | 248.5 269.6|
Level hard surface 145.2 155.7 161.4 166.2
Up sand-dune slopes| 282.9 | 333.2 |- 320.2 346.1
(2.0-2.5 mph)
Down sand-dune
slopes 186.2 | 205.0 216.0 231.5

a. Energy Cost of Walking and Carrying Pack Loads

(Speed = 2.5 mph; figures are average of four
trials on each of four subjects.)

Mecan kcal/m?1200 yd for—
Activity
Noload 1 251b | 30 1L 0 lb
Level sand 9.13 10 54 1083 1134
Up sund dunes
(11-12% grade) | 1330 l 1574 1700 | 1644

b. Comparative Energy Expenditure While

Walking on Level Sand and Ciimbing
Sand Dunes, Carrying Various Packboard
Loads

Mean final rectal temp.,| Mean final pulse rate,
°F beats/min
Load
Level sand | Level hard | Level sand| Level hard
surface surface surface surfuce
Noload 100.8 100.0 126.9 101.4
25 Ib 101.1 100.1 139.2 107.7
30 Ib 101.3 100.2 146.3 113.3
40 1b 101.6 100.3 160.4 128.7
¢. Strain of Walking on Sand with Various Packlioads

2
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ENVIRONMENTAL CONDITIONS

Oxygen Toxicity

AMBIENT OXYGEN PARTIAL PRESSURE — MM HG

oo CT T T T T T T T T T T [T T T [T T T T T T [T TT]
5,000
4,000 AN
CONVULSIONS, FAINTING, DIZZINESS
3,000

VARIOUS SYMPTOMS, MOST COMMONLY
h/—--SIIBSTERNM DISTRESS AND COUGHING\

1411

&> \
A \
300 Sa :
\a.
.a~~--.___ o \
200 O .--!-.-u--------- - o
PimimImimim (mimios i ey iapionimemniemtase bu-n-n-o.--L-n-o---n-uL---éf---u- -n---n-.--.c:
SEA LEVEL PO‘I,
O T O T T U T A I OO ) B SR L B B A
0 40 80 120 160 200 260 300

TIME TO ONSET OF SYMPTOMS — HOURS

THE CURVE REPRESENTS THE APPROXIMATE TIME OF APPEARANCE OF TOXIC SIGNS AND SYMPTOMS.
THESE VARY WITH THE PARTIAL PRESSURES OF 02 (P07) WHICH CAUSE THEM. ABOVE 760 MM HG, THE CEN-

TRAL NERVOUS SYSTEM IS THE PRIMARY SITE OF DEFECT WITH SYMPTOMS SUCH AS NA.USEA, DIZZINESS,
CONVULSIONS, AND SYNCOPE. IN THE RANGE OF 400 TO 760 MM HG, RESPIRATORY AND NERVOUS SYSTEM
SYMPTOMS PREDOMINATE. THESE ARE SUBSTERNAL DISTRESS (BRONCHITIS AND PROBABLY ATELECTASIS),
PARESTHESIA, AND NAUSEA. IN THE RANGE OF 200-400 MM HG, REPORTED SYMPTOMS ARE RESPIRATORY
AND POSSIBLY HEMATOLOGICAL AND RENAL: SUBSTERNAL DISTRESS, PROTEIN, AND CYLINDRICAL CASTS
IN THE URINE. WHETHER OR NCT THERE IS REALLY *TOXICITY" IN THE LOW LEVEL, LONG TIME EX-
POSURE IS BEING DEBATED. STUDIES IN PROGRESS MAY CLARIFY THE EXACT CAUSE OF SYMPTOMS AND
LABORATORY FINDINGS IN THIS LOWER RANGE. THE ROLE OF CONTAMINATING GASES (N2) AND TRACE

VAPOR CONTAMINANTS IN THE OXYGEN IS STILL UNKNOWN,
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ENVIRONMENTAL CONDITIONS
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ENVIRONMENTAL CONDITIONS

Common Sources and Maximum Alliowable Concentrations

of Some Toxic Agents

l MAXIMUM
ALLOWAELE
CONCUN-
TRATION
COM..ON SOURCE TOXIC AGENT (PPM)
FUELS AND PQQPELLANTS AMMONIA 100
ANILINE 5
ETHYL ALCOHOL 1,600
‘GASOLINE 250
KEROSENE 500
METHYL ALCOHOL 220
NITROGEN TETROXIDE 5
ENGINE EXHAUSTS ALDEHYDES:
(INCLUDING ROCKET ACETALDEHYDE 200
ENGINES) ACROLEIN 0.5
FORMAL " 1YDE 5
FURFURAL 5
CARBON DIOX!DE 5,000
CARBON MONOXIDE 100
BROMINE 1
NITROGEN DIOXIDE 5
SULFUR DIOXIDE 5
HYDRAULIC FLUIDS BUTYL CELLOSOLVE 50
DIACETONE 50
ARYL PHOSPHATES 0.06
DIOXANE ALCOHOL 100
FIRE EXTINGUISHANTS CARBON DIOXIDE 5,000
CARBON TETRACHLGRIDE 25
CH! DROBROMETHANE 400
METHYL BROMIDE 20
OIL SPRAYS AND FUMES ALDEHYDES:
. (SEE ABOVE)
REFRIGERANTS CARBON DIOXIDE 5,000
FREON 1,000
METHYL BROMICE 20
SULFUR DiOXIDE 5
SMOKE PHOS “NE 1
(PLUS SAME AS FOR
ENGINE EXHAUSTS) 1
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Gas-Off
Products of Cabin Materials
NUMBER OF
GAS-OFF
PRODUCTS HIGHEST
TYPE OF MATERIAL SEPARATED | CONCENTRATION®

Urethane Foam 3 1.5
Thermoplastic (Un:dentified) A 320
Tefion Bas 5 218
Nylon ™ "ing Cord 7 100.0
The:w sathag Plastic

Dially) Phthalate 4 102.0
Thermosetting Plastic

Phenotic 4 4.0
Fiuonnated Rubber 7 100.0
Feit 2 50
Primer Coating Gray Vinyl 15 1650.0
Eiectncal Pager Tape 10 1620.9
Teflon Tubing 2 0.0
Or'an 7 40
Gray Enamel, Wnnkie I 63.0
Magriet Wire 5 5.0
Cellulnse Acetate [ 200
Plexiglass 2 9.0
Ant:-s2ize Compound H Off scale
Screening Ink 16 200.0
Faiprese Rybber—Buna 7 410
Fairprene Aybber-Vilon H 59.0
Thermoplastic Polyestes Film 2 16.0
Siiver Pnnt Conductive Coating 6 620.0
Epoxy Potting and Sealing Compound 9 B0
Epoxy Amine Urethane Potting

Compound 9 A
Plexgiass, acrylic 11 31.0
Seaung Compound, siiicon rubbes 7 3700.0
Epoxy Amine Adhesive 5 7.0
Tygon Tubing 14 Ot scale
Lubricant (Unidentified) 12 130.0
Thermasetting Diallyl phthalate 7 70400
Adhesive Conductive Epoxy 2 5.0
Enamei Brown Epoxy 2-compound

atmosphere 13 4200.0
Ename! Biown Epoxy 1-compound

atmosphere 9 3800.0
Buna-1j-Rubber 13 23005
Heat Exchanger (Unidentified) 6 290.0
Thermoplastic (Umdentified) 7 43.0
Thermoplastic Poly=Fluoro—chiors 4 30
Thermoplastic Polysty:ene 8 110.0
Fidergiass Shredded .3 67.0
Resir (Unidentified) X 600.0
Resin Polycabamate ] N scale
Silicone Cement 5 T
* Concentrations expressed in equivaient ared undes %t .

ENVIRONMENTAL CONDITIONS

Chemical
Contamiaants in Sealed
Atmospheres
Acetaldehyde® n-Hexane*
Acetone® Hyoioc arbons
Acetyiene*** {Othei than methane) *®
Acrolen** Hydrogen*®
Ammoiat® HCi**
Arsiie’* HF**
Benene* Mercury**
u-Bulane’ Methane**
Butene-1* Methylalcohot®**
Cis-butene-1* Methyichtoroform®
Tims-butene-2* Methylene chionde®
n-Buty! alcohol® Methyiethylketone®
Coy* 3-methyipentane*
co* Methy [isopropylketone®
Chiorene* Monoethanclammne®®
Cycioherane* NQp**
2.2-dimethyibutane® NO**
1.4-dioxane* 03"
Dioxene” Phosgen2**
Ethyl acetate” 1sopentane®
Ethyl alcohoi® n-Pentane*
Ethylene"** Propane*
Ethylene aichionde® n—Prapylaicohol®
Freoa-11* Propyiene®
Freon—12*** 07
Freon-22* Stibine*s
Freon-23* Toluene*
Fregn~114* Tuarylphosphate*®
Freon— 114 unsym*® Tuchioroethylene®
Fizon-125* Vinyichlionde*
Hexamethylcyclotnsi loxane® Vinyhdene chionde®
n-Xylene™
Herane* 0-Xyiene®
Formaldehyde***
* Mercury spacecratt
** Nuciear submanines
ate %th
90~Day

Continuova Tuierance Limits

50-day continucys tolerance imits for submarine atmospheres on the following
contaminants have been proposed by the Adwvisory Center on Toxicology,

National Academy of Sciences:

 Acetylene Chlonina
Arsine Freon 12
‘Ammonia Hydrogen
‘Carbon dioxide

'Carbon monoxide

Mercury Qzone
Methane Phasgene
Methyi a!cohol Tnartylphosphate

Hydrochionc acia  Monoethanolamine
Hydrofiuoric acid  Nitrogen dioxide




ENVIRONMENTAT CONDITIONS

Criteria for Vibration Tolerance
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THE FOUR
SHADED ZONES REPRESENT: THRESHOLD FOR PERCEPTION; THE UNPLEASANT AREA GF VIBRATION; THE
LIMITS OF VOLUNTARY EXPOSURE, UNPROTECTED, FOR 5-20 MINUTES; AND THE VOLUNTARY TOLERANCE
LiMITS FOR SUBJECTS WITH LAP BELT AND SHOULCER HARNESS FOR THREE MINUTES, ONE MINUTE, AND
LESS THAN ONE MINUTE. ABOVE THIS, MINOR INJUARIES OCCUR, DEPENDING ON TIME. AT THE TOP OF Thc
CHART IS PLOTTED THE LARGE MAGNITUDE. THt CONVENTIONAL WAY GFF MEASURING DURATIONS (t) AND
AMPLITUDES (A) IS SHOWN iN THE SMALL DIAGRAMS AT THE BOTTOM.
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ENVIRONMENTAL CONDITIONS
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ENVIRONMENTAL CONDITIONS

Escape
Provision
Requirements
i y
: i
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0 200 400 600 800

KNOTS EQUIVALENT AIR SPEED (EAS)
*SPECIAL PURPOSE VEHICLES WITH A SPEED LESS
THAN 260 £AS BUT WITH AN INHERENTLY HAZARDOUS
MISSION PROFILE (STOL, VSTOL, ETC.) MAY REQUIRE
AN ASSISTED ESCAPE CAPABILITY. THE DESIGNER
MUST GIVE CAREFUL CONSICERATION TO BOTH
SPEED AND MISSION REQUIREMENTS BEFORE SE-
L ECTING MANUAL QVER ASSISTED ESCAPE SYSTEMS.

to
1

93]

£



ENVIRONMENTAL CONDITIONS

‘pasn 3q pnoys
Yorym ddumsisas 1sauB1y Yyl sB SWYO 000'l PUIWWO
*231 suopejrored Aiajug ‘painseaw A[uowwod st swyo
000's ‘spuey L1vams Yy suoprpuod Furyiom L1euipio
Japur] ‘Swyo 090'0¢z s Y1y se saduwmsisas ppard Aew
SludwaInseIWw Jeqrwr ‘upys A3p g c3oqrews ApySis
51 3IUEISISIT 1005-0u-pUBY ‘(SPUBY IaM FUIIQ) §1DVIUOD
Poof yum swyo 000'y 01 000'1 woy $31JEA DUBISISIT
puey-0i-puey ‘pauysp £[anbrun aq louues spenuarod
snosafuep sny g ‘3F0es apim ® 1940 sa1IEA auwIsIsss Apog

‘unys a3 ut sJuIpuS Ialau Jo
s2d4 e a3 Lidradars jo $1013333p urwny Livwd sy,

(UOLO(1IGY JPINJIIUSA Sjueresd
WAym) Koous jo uoyoinp Buunp uoey
doys puo dwo|d sepsnw yseyd 4Dy sseAes
©f SUONIDLUO JDINISNW ISUING BJI0ARG

"(Apowe.
UMOUY OU—1DBP JuDjsul Ul sjnses JoIy
UOHIPUOD LIDIY D) UOHD|IIGY JBjAdLUSA

“Wgp 8 Buiyioeuq
{SUOLID0LIUOY SDINDSNW Bi9A0S ‘injurng

150} 31 sOPSW
1uedolpo jo josuod sojndsnw *8NDdeq
o8 49| jouup> fonplalpur fy0ys 1njuing

"ISO] 0V $! |OAUOD JDINNINW BSNDIRG {jim
i0 08 9] uBd [BAPIAPYL y0ys (njurDg

150 Jou §| jo4y
~U0d JDJNSNL 8INDOIQ |1 4D OB ey upd
[PnpIApUL {njuiDd Jou 450ys jo uoKDSUSG

‘194 |OU—uol|DsUPs Ou $9300)

A0 pud OOZ

(ujoued) 00Z-001
(e1qissod) 001-0S

0§-0T

0TSt

si-¢

ol }

L uoyy ssey

P8y

(dwoppyiu)
weuny

AQO8 NYWNH 341 NO
AN2VYND IVOINLIINE 40 $1D3443

2-33



200 KA
1 ANP

100 MA

/'2 Anp
10 ANP

2

ENVIRONMENTAL CONDITIONS

Illok /20 HA

/

tMA 2 WA
/' .

.5

WA

16,000

2,000

1,000

.\

400 600 800

APPLIED VOLTS ~ 60 HZ

L =3

L s

= N \\\h\ 8

DN 1// &v& =
. N =3
%&WM_/ N o 3
(D AN 7y g

200
2-34

o
90

Electrical Shock Hazard to Adult Males*

% = RSEEES
’ Q\% N n\lUN..llI 1/ N
£ < N
N N
N <
N N
3235333 % % $535sg s 3

SHHO 40 SONYSAOHL ~30UVISISIY LIVIKOD QLY X008

(See explanatory notes next page)




ENVIRONMENTAL CONDITIONS

JONVLSISTY LOVINOD 30VINNS AGOS IWIIdAL

adid 5,51 3uiqqesd spuey omy “up "bs O HM

"'

adid G, 541 Buiggess puey aur, *up°bs g1

o

. a-~

338 wiesy vo wied duQ “ui ‘dS ¢ -
4
211m 0 *ON 10 ‘siaud Suipjoy puey sup *uj'bs g

1M 312q Yl 128U (21UABDIY "uy *bs |

05
09
uw 8 §930N 4Aaxojeuerdxy

ot .
ot mmU.Hm.Nm.E }o0Yys ANUMHUOWHM
244
ot

Jeuapidoe Weuod 123n4 u) bs ¢og ooy

SUOIIIPUCI 1383U0D 05 SUOI3IPUOD YoRLeD)
+ANG,, {swuQ jo spuesnoul) L3N,

Hea
o
T

$o
*“3 'up ha gz pasieww) prey dug
- 80
r4 o vitbs g1 adid, YT Bujaqesd puey suQ
- §°L ‘up‘bs § 9JBIQ WIB-Y UQ PURY 1IM UQ

%: £0 "uj "N S/ PIsI2wWWY 1005 U0 Pue PURY QD

- € CupbS € Aum 0 “ON 13M 10 $1311d 19m Buipioy puey AiQ

-

-5 "y tbs pg so0ys JoM

0L *u) DS 1 B2M 1aM aleq ylm 19BI1U0D |E1USPIIIR AX)

‘.. St *u)*bs g g 2lm 1am yanoy sR3uy KiQ

SSYW AQOg 4O 3JONV.LSISIY

"SYVYHSIW MO0HS 1810373 LNIAIYd
OL NIMYL SNOILNYD3dd ONY Q3 ZINOOD3Y 38 LSNW LN3WJINO3 TYII¥LD3T13

NI LNIYIHNI SQUVZVYH 3HL "LNIYIND DI¥LI3INI NV

OL WILDIA Y ,,3Z3384., @

OL LN31D144NnS JaV SIYIINWVYITTTIW M3 V ATINO 40 SLNIJAIND DI§LD3 T3

IVOLLIND

LSOW 3HL 34 NIVHE IHL HONOYHL O S3TISNW WILSAS AYOLVYILSIY YO
LYVIH IHL ¥YIN YO HONOYHL SHLVA LNIFYND “ALINWIYLX3 INO OL Q3INIINCI

ISOHL NYHL AYNINISNOIY3S

JYOW NI LTINS3A ANNAL d0 dv3H IHL ONIQNTONI

SHLVd LN3¥¥ND "LNIYYND IHL 40 H1Vd IHL NO ONIONI4IA SAVM LNJJ34
=310 ANYW NI AGO8 3HL S11 343V LNNOWY NIAID V 4O LNIYAND DIHLO3T13 NV

®

((LINJYID 3L3TEWOD Y ONINNSSY “WiH HONOWHL MO1d GINOM LNI¥IND

40 STUYTIWVITUW 00! 'SLIOA 001 40 IOVLTIOA V SLOV.LINOD SWHO 006 Si
JONYLSISIY LIVLNOD NINS ONV AGOS8 3SOHM NOS33d V 41 '*9°3) ADNVLSISIY
LOVLNOD GNY AGOY IHL OGNV 3OVLTIOA ZH 09 G311ddY 3HL 40 NOILONNG V¥ SY
S3ITYW LINAY QL GUVYZVYH LNIHYND IVIORILS313 3HL SMOHS 3LON-8NS SIHL

35

2



ENVIRONMENTAL CONDITIONS

ULTRAVIOLET RADIATION

The primary human detector of near ultraviolet radiation
is the retina of the eye. There is no primary human
detection of far ultraviolet radiation.

Near (long-wavelength) ultraviolet (300 to 400 milli-
microns) causes no difference to man in the rate of sub-
sequent dark adaptation after exposure either to ultra-
violet radiation or visible light when they are matched
for brightness. The lens of the eye fluoresces between
300 and 400 millimicrons, reaching a maximum be-
tween 360 and 370 millimicrons; the cornea of the eye
fluoresces weakly between 315 and 360 millimicrons.
Objects illuminated by ultraviolet light are difficult to
focus on, the normal eye being 10 diopters myopic
at 313 millimicrons.

Ultraviolet radiation produces excitation; i.e., it raises
electrons in atoms or molecules to higher energy levels.
It may produce cataracts in the eye. It is greatly absorbed
and rapidly attenuated in living tissue. Tl{e shorter
waveleniths produce ionization which is more dam-
aging physiologically since it causes electrons to be
ejected from atoms. Long-wavelengih ultravioler radia-
tion produces sun tan on the skin. Short-wavelength
ultraviolet radiation produces tissue damage since some
ionization is produced.

RADIO FREQUENCY (RF) RADIATION

Microwave radiation injury has been qualitatively demon-
strated in animals, but has not been observed clinically
in electronics personnel. Animals eyes, and icularly
their testes, are especially vulnerable to the shorter
wavelengths. Experimental injury appeared thermal in
nature; i.e., temperatures induced in the affected regions
;r::_e sufficiently higher to account for injury on a thermal
is.

As risk criteria, the USAF uses 0.01 watts/cm3, based
upon the average power level.

INFRARED RADIATION

The primary human detector of near infrared radiation
is the retina of the eye; of all infrared radiation, warmth
receptors in the skin over the entire surface of the body.
The range and level of sensitivity are the lower level of
visual seasation.
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ATOMIC RADIATION

There is no primary human Jetector of atomic radiation.
The Roentgen equivalent man (rem) is a unit of biologi-
cal dosage of any nuclear radiation absorbed,

Total lifetime dosage from background = 10 to 12
rocntgens, where roentgen = the exposure dose of
gamma radiation or X-rays which will form 1.61 X 10'2
ion pairs when absorbed in 1 gram of air, i.e., will re-
lease 87 ergs of energy per gram of air (~97 ergs per
gram of soft tissue).

Dose in rems=RBE x dose in rads, where

RBE=relative biological effectiveness; ratio of absorbed
dose in rads of gamma radiation of a specified
energy, to that of the given radiation having the
same biological effect.

rad= the absorbed dose of any nuclear radiation which
is accompanied by the liberation of 100 ergs per
gram of absorbing mazerial.

Very litde information is available on the long term
effects of atomi: radiation. The best information available
was used by the National Academy of Sciences to make
recommendation for the maximum permissible cumula-
tive atomi: radiation dosage over a lifetime. (The effects
of atomic radiation are cumulative.)

ESTIMATED YEARLY DOSE FROM
NATURAL BACKGROUND RADIATION

Roentgens/yr

Sea Level 5000 ¢

Potassium in body 0.020 oLza
Thoriuvm, vranivm, and

radium in granite 0.055 0.055

Potassium in granite 0.035 0.025

Cosmic rays 0.035 0.050

0.145 0.160

RELATIVE BIOLCGICAL EFFECTIVENESS OF
DIFFERENT TYPES OF RADIATION

RBE
1.0 (by definition)

Type of Radiction

Gamma rays

Neutrons ~ 17
Alpha particles ~ 10
Beta particles ~ 1
X-rays ~ 1
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Expected Short-Term Effects of Acute
Whole-Body Radiation Dosas

Acute Dose Probable Short-Term Effect
{roentgens)

0 to 50 No obvious effect, except possible minor

blood changes.

80 to 120 Vomiting and nausea for about 1 day in § to
10% of exposed personnel. Fatigue but no

serious disability.

130 t0 170 Vomiting and nausea for about 1 day, fol-
lowed by other symptoms of radiation sickness
in about 25% of personnel. No deaths

anticipated.

180 to 220 Vomiting and nausea for about 1 day, fol-
lowed by other symptoms of radiation sickness
in about 50% of personnel. No deaths

anticipated.
270 to 330

Vomiting ond nausea in necrly all personnei
on first day, followed by other symptoms of
radiation sickness. About 20% deaths within
2 to 6 weeks after exposure; survivors con-

valescent for about 3 months.
200 to 500

Vomiting and navsea in all personnel on first
day, followad by other symptoms of radic-
tion sickness. About 50% deaths within }
month; survivors convalescent for about 6

months.

550 to 750 Vomiting and navseu in all personnel within
4 hr from exposure, followed by other symp-
toms of radiation sickness, Up to 100% deaths;

few survivors convalescent for about 6 mont:..

1000 Vomiting and nausea in all personnel within 1
to 2 hr. Probably no survivors from radiation

sickness.

Incapacitation almost immediately, All pere
sonnel will be fatalities within 1 week,



Space Radiation

ENVIRONMENTAL CONDITIONS

PROTONS

. NEUTRONS
" P MESONS \
 GAMMA RAYS S

P‘AQTICLES. AND
GAMMA RAYS

.

HEAVY IONS

. STRAHLUNG (GAMMA RAYS). PROTONS AND

* WALL, OR WITHIN THE CABIN, OR THEY
. MAY PAS® RIGHT THROUGH. WHEREVER A

POSITRONS

ELECTRONS

THE ACTIONS OF PARTICLES MEETING A
MANNED VEHICLE. ELECTRONS AND POSI-
TRONS ARE STOPPED BY THE VEHICLE
WALL, WHICH THEN EMITS THE BREHMS-

HEAVY IONS MAY HIT A TARGET IN THE

TARGET 1S HIT, THESE PARTICLES PRO-
DUCE CHARACTERISTIC SHOWERS OF SEC-
ONDARY PARTICLES, AS SHOWN.

/
N

NATURE AND LOCATION OF ELECTROMAGNETIC AND PARTICULATE IONIZING RADIATIONS IN SPACE
NAME NATURE OF RADIATION | CHARGE | MASS ¥H ERE FOUND
PHOTON ELECTROMAGNETIC | © 0) | RADIAT™N BELTS, SOLAR RADIATION
(PRODUCED BY NUCLEAR REACTIONS
X RAY ELECTROMAGNETIC | © 0 0 | AND BY STOPPING ELECTRONS) AND
GAMMA RAY ELECTROMAGNETIC | © 0) | EVERYWHERE IN SPACE.
ELECTRON PARTICLE -e Ime | RADIATION BELT AND ELSEWHERE.
PROTON PARTICLE +e | 1840me | PRIMARY COSMIC RAYS, RADIATION
or lams | BELT, SOLAR FLARES.
NEUTRON PARTICLE 0 | 1841me | SECONDARY PARTICLES PRODUCED
BY NUCLEAR INTERACTIONS INVOLV-
ING PRIMARY PARTICLE FLUX.
ALPHA PARTICLE| PARTICLE +2¢ | 4am | PRMARY COSMIC RADIATION
(NUCLEUS OF HELIUM ATOM)
HEAVY PRIMARY | PARTICLE 2430 | 26am | PRMARY COSMIC RADIATION
NUCLE! (NUCLE OF HEAVIER ATOMS)
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DOSE RATE (RAD/DAY)

101

10~-2

10-3

ENVIRONMENTAL CONDITIONS

g

A

/ \ T
ALTITUDE (KM)

\ \— 30,000

s

— 6000
e

/

10 20 30 40 50 60 70 80 90
ORBITAL INCLINATION (DEGREES)

Average cosmic-ray dose rate at solar mirnimum as
a function of circular ovoital inclination for
various altitudes,
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ENVIRONMENTAL CONDITIONS

Nomograph for Demonstrating

Magnitude of Blast Hazard from
Equivalent Weight of TNT

ENERGY EQUIVALENT DISTANCE PEAK OVERPRESSURE
(LB OF TNT) {F1) {PSIG)
T —]" T’
10,000 — — 20,000 —  0.08
- . ol
n -
- F— 10,000
5,000 - -
3 » —
. -
B [ L — 0.2
1,000 - — 2,000 — 0.4
E S
500 —] = 00 — 06
= = —
~ — — 08
— — - 1.0
4 N
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s = — 100 L,
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ENVIRONMENTAL CONOITIONS

Effects on Man from Blast Waves Produced by
Conventional High Explosives®*

Feak Static
Ovarpressure Effect
(psig)**
Oto 2.5 Probably no effect on gross performance

other than a momentary blinking, a possible
transient in a control movement, and a pos-
sible slight decrease n auditory sensitivity.

25107 Performance may deteriorate due fo increased
effects described above; greater than normal
energy expenditure to perform a given task;
nervous tension.

7 t0 20 Ruptured eardrums; permanent hearing loss
aobove 3,000 cps after repeared exposures;
pain; mild feelings of lethargy and fatigue;
inability fo concentrate; general nervousness.

20 to 100 Very much increased effects described above;
(especially daomage to lungs, viscera and other organs,
>8 and to the brain; possible death.

Above 100 Probable death, ordinarily due to the fact

(especially that air, forced into the ruptured blood vessels

>200 to 300) of the lungs, travels to the heart and brain
{oir embclism).

*Nuc e cplosions, b of longer durations of biast waves (e, higher
impuise) may produce these effects ot the lower levels.
**pounds per squore inch gage, Le, pressre above atmospheric pressure
(147 peld.

TYPICAL CHARACTERISTICS OF A
SHOCK WAVE TRAVELING IN FREE AIR

OPV.:'::'::?I:. Tom:“r:mn 0 !:' "P‘:gk Y;'/::’:)Y
(psig)”? (°F) (microsec)

2 3500 0.30 4400

L] 6640 0.15 8200

10 8360 0.10 12200

15 9620 0.08 14400

20 10880 0.07 16500

‘MWWMW,M.MQMMM(M]M.
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METABOLIC FACTORS

Metabolic Requirements for Spacecraft Cabins

Activity cal/hr Btu/hr
Sleep 70 280
Eating 1.5x basal 420
Exercise 2.5x basal 700
Rest and relaxation 1.5x basal 420

Work Program:
Flight control 2.0x basal 560
Reconnaissance 2.5x basal 700
Scientific observation 2.5%x basal 700
Repair 4.0x basal 1120

Suited(unpressurized) add in-
crease as follows:

Sleep +10
Eating +50
Exercise +50
Rest and relaxation +50
Work +50
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Metabolic Costs of Work During Simulation of Weightlessness

040 —
\
\
\
\
v
035k~
\
\
[}
2 \
o< \
3 \
\
é \
\
\
- [
030 \
\
bool o
- -
~ \‘0
1 i L 1 J
0255 ) F] 3 38 ]
Degrees of tresdom
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Horsepower Qutput with Various Degrees of
Freedom on Reciprocating Task; 15-Pound
Load and 22-inch Stroke
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Degrees of tresdom

Pe..entage Increase of Oxygen/Horsepower ratio
for a Reciprocating Task; 15-Pound Load and

22-Inch Stroke

Effect of degrees of freedom on power output and oxygen efficiency
of nutput in a mechanical weightlessness simulator.

<« df - Subject free to translate horizontally in all directions.

3 dfA - Subject free to translate horizontally in all directions

and rotate in a vertical plane.

3 dfB -~ Subjbct free to translate hotizontally in all directions
and rotate in a horizental plane.

4 df - Subject free to translate horizontally in all directions and
to rotate about his own center of gravity in planes parallel

and permpendicular to the floor.

¢. Comparison of Metabolic Rates During Construction and Maintenance Work (Btu/hr)
Simulation Rest Maximum Measured
One-g 697 3243
Neutral buoyancy 1035 2170
Zero-g six-degree-of-.;eedom 478 3489
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METABOLIC FACTORS

Formu.cs for calculating energy cost and variance of walking on a level with ioad

For speeds between 2.0 and 4.5 mph, the following equations give predictions fur the
energy cost of marching and its variance:

EsK+Y
K = 0.0083 (10 + W + L) eV/50
Y = C.56 £ 0.0091 W

02 = 0.017 eV/25

where E = total energy expenditure in kilocalories per minute,

K = eneryy expenditure in kilocalories per minute above resting expenditure,
Y = resting energy expenditure in kilocalories per minute,

62 = variance in K,

W 2 body weight in kilograms,

L = load carried in kilograms,

v = marching velocity in meters/min, and

e s exponential constant.

Performonce factor, miles/1000 Bty

Foligue limit, hr=4 3 2 15 175 20- 232

/‘ 6 Activity dutation, hr = ?

-24
-10°
Round - Irip s

Performonce foctor, km/MJ

w 120~ overoge up €

/ £ ™ ong down \ -

0* E <

— e 4{0° (up) < e

eew=eldQidown) - 2 g 6 e
4

4
 — T80
Speed, V, mpf\
2 8 i2 0
Vo km/he Speed, V, mph
 E— 8 i2

Effect of Surface Slope On Range Capability of Lunar

Explorers (Estimated)
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BEHAVIORAL FACTORS

BEHAV1ORAL rACTORS

This section contains information about human behavior
and operator performance as an integral part of a man-
machine system. Since materials were drawn from other
sources there *s an obvious overlap between this sectic
and others such as equipment design and physiological
factors. However, most of the data hz.. been selected cn
the basis of operator performance effectiveness under vor-
ious conditions - physical and envirommental.

The fol™ ving specific references are suggested for
additional rc.ding:

Fogel, L. J. - Biotechnology: Ccncepts and Applicatior..,
Prentice-Hall, Engelwood Clilfs, N. J., 1963.

Fitts, P. M. & Posner, M. I. - Human Performance - Basic
Concepts in Psychology Series, Brooks-Cole Pub. Co.,
Belmont, Calif., 1968.

Meister, D. & Rabideau, G. F. - Human Factcrs Evaluation
in System Development, John Wiley & Sons, N. Y., 1965.

M:Cormick, E. J. - Human Factors Engineering, McGraw-
Hill Book Co., N. Y., 1964,

Morgan, C. T. et al - kuman Engineering Guide to Equip-
ment Design, McGraw-Hill Book Co., N. Y., 1963.

Woouson, W. E. & Conover, D. W. - Huran Engineering cuide
for Equirment Designers, Univ. Calif. Press, Berkeley,
Calif., 1964.

Stevens, S. S. - Handbook of F -, -imen:tal Psychology,
John Wiley & Sons, N. Y., 1951.

NASA CR-1205(III) - Compendium of Human Responses to the
Aerospace Environment, (Sections 10-16) prepared by E. M,
Roth, M.D.

I ASA CR-1370 - Predicting Human Performance in Space En-

vironments, prepared by W. H. Teichner and Diane Olsoi.,
Harvard Univ,
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BEHAVIJORAL FACTORS

GENERAL POPULATION STEREOTYPE REACTIONS

HANDLES USEC FOR CONTROLLING UQUIDS ARE EXPECTED TO TURN
CLOCKWISE FOR OFF AND COUNTER-CLOCKWISE FOR ON,

KNOBS ON ELECTRICAL EQUIPMENT ARE EXPECTED TO TURN CLOZK-
WISE FOR ON, TO INCP?.. € CURRENT, AND COUNTER-CLOCKWISE
FOR OFF OR DECREASE IN  JRRENT. {NOTE: THIS IS OPPOSITE TO THE
STEREOTYPE FOR LIQUID.)

CERTAIN COLORS ARE ASSOCIATED WITH <AFFIC, OPERATION OF
VEHICLES, AND SAFETY.

FOR CONTROL OF VEHICLES IN WHICH THE OPERAYOR IS RIDING, THE
OPERATOR EXPECTS A CONTROL MOTION TO THE RIGHT OR CLOCK-
WISE TO RESULT IN A SIMILAR MOTION OF HIS VEHICLE, AND VICE
VERSA.

SKY-EARTH IMPRESSIONS CARRY OVER INTO COLORS AND SHADINGS:
LIG:'T SHADES AND BLUISH COLORS ARE RELATED TO THE SKY OR UP,
WHEREAS DARK SHADES AND GREENISH OR BROWNISH COLORS ARE
KELATED TO THE GROUND OR DOWN,

THINGS WHICH ARE FURTHER AWAY ARE EXPECTED TO LOOK SMALLEK.

COOLNESS 1S ASSOCIATED WITH BLUE AND BLUE-GREEN COLORS,
WARMNESS WITH YELLOWS AND REOS.

VERY LOUD SOUNDS OR SOUNDS REPEATED IN RAPID SUCCESSION,
AND VISUAL DISPLAYS WHICH MOVE RAPIDLY OR ARE VERY BRIGHT,
IMPLY URGENCY AND EXCITEMENT.

VERY LARGE OBJECTS OR DARK OBJECTS IMPLY '"HEAVINESS." SMALL
OBJECTS OR LIGHT-COLORED ONES APPEAR LIGHT IN WEIGHT. LARGE,
HEAVY OBJECTS ARE EXPECTED TO BE "'AT THE BOTTOM.."”” SMALL LIGHT
OBJECTS ARE EXPECTED TO BE AT THE TOP."

PEOPLE EXPECT NORMAL SPEECH oOUNDS TO BE IN FRONT OF THEM
AND AT APPROXIMATELY HEAD HEIGHT.

SEAT HEIGHTS ARE EXPECTED 7L BE AT A CERYAIN LEVEL WHEN A
PERSON SITS DOWNI
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BEHAVIORAL FACTORS

Classification of Behaviors

Specific
Pracessey Activities Behaviors

Detects
[nspects

N Observes
Seatrching for and Reads

F.eceiving Information Receives

Perceptual Scans
Processes Surveys

Discriminates
Identifies
Locates

Categorizes
Calculates
Codes
In{ormation Computes
Processing Interpolates
Itemizes
Tabulates
Mediational Translates
Processes Analyzes
Calculates

Problem Solving and Chooses

Decision Making ggmgi:::

Estimates
« Plans

Advises
Answers
Communicates
Directs
Communication Processes Indicates
Informs
Instructs
Requests
Transmits

Activates
Closes
Connects
Disconnects
Joins
Moves
Motor Presses
Processes Sets

Adjusts
Aligns
Complex/Continuous Regulates
Synchronizes
Tracks

Identifying Objects,
Actions, Events

Simple/Discrete
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BEHAVIORAL FACTORS

MAXIMUM RATES OF INFORMATION TRANSFER IN
VARIOUS DIMENSIONS OF SENSORY MODALITIES

MODALITY DIMENSION MAXIMUM RATF (Dli’S/S‘HMUlUS)
Visvol Lincor enlent 3.25
Arco 27
Direction of line 33
C vature of line 2.2
Hue 3.1
Brighiness 3.3
Auditory lovdness 23
Pitch 2.5
Taste Saliness 1.9
Tactile Irtensity l 20
Duration 23
Location on the chest 2.8
¥
Smell ‘ntensity l 1.53
{MULTI-DIMENSIONAL MEASUREMENTS)
Visval Dot in a squore 4.4
Size, brighiness, ond
hue {all correioted) 4.1
Avditory Pitch and lovdness 30
Pitch, loudr >33, rate of
interryplion, on-lime
fraction, duration,
spatiol location 7.2
Toste Solti and sweat 2.3
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REACTION TIME (1N SECONDS)

a.

b,

C.

HUMAN REACTION TIME

By Sensory Mode:

BEHAVIORAL FACTORS

Pain 0.7 sec.
Odcr 2.29 sec.
Warmth 0.22 sec.
Cold 0.2 sec.
" sual 0.19 sec,
Tactual 0.17 sec.
Auditory 0.215 sec.
0.125 min.
By Age:
20 yrs. 0.2 sec.,
30 yrs. G.22 sec.
40 yrs. 0.25 sec.
Speed of Perception to Action:
Neural transit 0.: sec,
Brain recognition 0.4 sec.
Decision 5.0 sec,
Motor respouse 0.5 sec.
6.0 sec.

Lt

minimum

l 2 3 4 6 7
NUi*BER OF CHOICES

Operator reaction time versus number of choices

3-13



Comparison

o HAVIORAL FACTORS

of the stimulus intensity ranges of the senses.

Senzation

Ronge of stimulation intensity

Smollest de!.ctable

Largest proclica!

Sight

Hearing

Mechanical
vibration

*Toucn
{pressvre)

Smell

Toste

Temperature

Position ond
movement

Angular

acceleration

Lincar
accelecation

2.2-5.7 X 10710 ¢rgs

1 X107? ere, om?®

0.00025 mm ovarage amplitvde
at fingertip

0.026 erg ot boll of thumb

2 X 1077 mg/m® of vanillin

4 X 1077 molar concentration
of quinine suvifate

0.00015 gm-cal/cm*/sec for
3.sec exposvre of 200 cm?
of skin

0.2-0.7 deg ot 10-deg/n.r. tor
joint movements

0.12 degy/sec? for c-ulogyral
ilivsion

0.089 for deceleration

® Mowbra ; and Gebhard, 1958.

>

~10% X threshoid intensity

~10M X threshold intensity

~40 db above threshold
No da*a available

No data availabls

No date availoble

0.218 gm-cal/cm®/sec¢ for
3-sec exposurs of 200 om?
of skin

No dcta available

Positive-g forces of 5-8¢g
lasting 1 sec or inote
Negative-g forces of 3~4.5q

Same limitations as for angular
ucceiaration for forces acting
in directicn of long axis of
body
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BEHAVIORAL FACTORS

Comparison of the frequency-detectabiiity range and
‘requency-discrimination abilities of some of the senses.

Stimulant Frequency-detectability range Frequency-discrimination abiiity
or
sansalion lowest Highest Reiative Absolute
Color 300 mu 1,050 mu of extremely high ~ ~~128 discriminabie hues ot 12 or 13 dixrininable
(hwe} nfensities medium intensitie hues
laterrypted One interrvplion ~50 interrvptions/sec ot 375 discriminable interrup- S or 6 discriminaole ine
white Light moderate intensities oad tion rates betweeon 1-45 terrvplion rotes
duty cycle of 0.5 interruptions/sec at mod-
eralo intensities ond duty
cycle of 0.5
Pure tones 20 cpo 20,000 ¢ps 1,800 discriminable lone dif- 4 or § discriminable
ferences between 20 cps fones
and 20,000 cps ot 60 db
lowdness
Interrupted One interrvption ~~2,000 interruptions/sec ot 460 ducriminable interrup- Unknown
white noive maderote intemities and tion rates beiween 1=45
duty cycle of 0.5 interruptions/sec at mod-
erote intensities and duty
cycle of 0.5
Mechanicol 1¢ps 10,000 cps 2! high intensities 180 discriminable frequency Unknown
vibration aiTerences between 1
ond 320 cps

® Mowbray and Gebhard, 195¢.

Comparison of the discrimination abilities of some
of the senses,

[ crimi~ation o~

Semation Relative Absolute
Sight ~~S70 disriminoble intensity differ- 3-5 aixriminablo intensities in wh
ances with white light light ¢7 0.1=-50 mL
Hearing ~~325 dicriminable intensity differ- ~3=5 discriminable intensities with
onces ot 2,000 ¢ps pure tones
thechanical 15 discriminable amplilvdes in chest 3= discriminable vmplitudes
vibration region uting broad conlact vibrator

with 0.05 0.5 mm amplirvde limits
® Mowbrey and Gebhaid, 1958,
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BEHAVIORAL FACTORS

Characteristics of the senses,

Chapanis, 1949
Woodson, 1954
Waulfeck, ef al., 1958

1951

. Rusenblith and

Stevens, 1953
Stevens and Davis,
1938

Parameter Vison Audition . Touch Taste and Sinell Vestibular
Sufficiemt Light-radiatea Souny-vibratory Tissue displacement  Particles of matter Accclerative forces
st.mulus electromagnetic encrgy, usually by physical means in solution (liquid

energy in the visible  airborne or acrosol).
spectrum
. Spectral Wavelengths from 20 cps. t2 >0 to <400 pulses Taste—salt, sweet, Lincar and rotational
rango 400 to 700 mu. 20,00 cps. per second sour, bitter. aceclerations.
(violet (o red) Smell—fragrant,
acid, burat, and
caprylic
Spectral 120 to 160 steps in ~3cps. (20101000  Apps - -
resolutior wavelength (hue) eps.) 0.3 percent “pps = 0.10
varying from (above 1000 cps.)
1 to 20 mu,
Dynamic ~950 db. (useful ~140 db. ~30 db. Taste = 50 db Absolute threshold
range range) for 0 db = 0.0002 0] mm 10 10 mm Ix10%103% x 0.2%/sec/sec
rods = 0.00001 mL dyne/cm? concentration
t0 0.004 mL; quinine sulpi:ate.
cones = 0.004 mL Smell = 100 dd.
. 019,000 mL
Amputude al .5 db {1000 cpe. at ~,15 Taste o .20 ~=.10 change in
resalution comnu=-i—=.015' 20 db or above.) Smell: .10 10 50 acceleration
Al
T
Acuity °1° of visual angle Temnsral acuity Two point acuity - -— -—
(clicks) g5 0.001 88, = 0.1 mm (tongue)
to 50 mm (back)
Response rate for ~0.1 sec. ~=0.01 sec. (wons - Touches sensed as Taste ~30 sce. ~110 2.
successive sumuli bursts) discreet 10 20/sec. Smell ~20 sec. o nystagmus may
60 .2 perist 10 2 min. after
rapid changes in
rotation,
Reaction time for ~0.22 37, ~0.19 sec. ~0.15 sec. {for - -—
simple muscular finger motior, if
movement finger is the one
stimulated).
Best operating 5(" 10 600x 300 10 6000 cps. — Taste: 0.1 to 10% ~1G acceleration
nange (green-yellow) 40 10 80 db concentration. directed head to foot.
10 to 200 foot-
candles
Indications 1. Spatial orientation 1. ‘Warning or 1. Conditions 1. Parameter to 1. Gross sensing of
for use required. emerpency signals, unfavorable for both  be sensed has acceleration
2. Spatial scanning 2, Interruption of vision » '] audition.  churacteristic smell information.
or search required. attention required. 2. Visual and or taste. (i.e. burning
3, Simultaneous 3. Smali temporal auditory sense, insulation).
comparisons relatiors important, (Javitz, 1961)
required. 4. Poor ambient
4, Multidimensional  lighting
materiai presented. 5. High vibration or
5. High ambient G -forces present.
noise levels. (Javitz, 1961)
(Javitz, 1961)
Refercaces Baker and Grether,  Licklider, 195i Bellay, 1961 PfaZmaa, 1951 Wendt, 1951
1954 Licklider and Miller, Jenkins, 1951
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BEHAVIORAL FACTORS

Variables which must be controlled when measuring some of
the principal kinds of visual performance.

Variables to Be Controlled
< <
2 L =
8 2 & %
: ¥ ;= -
e & 23 S & 2@ = 3
2 & E3 & F ~ 2 £ 8
2 2 tEx S g. I A c 2
Type of Visval] = = . 8% o 4 = 8 =T e
s 3 . 2 za § ® ¥ C L2 ¥ G
Performance | 3 N s = a o 5 > a
= &= ad ] - e b4 =
- wn Q 23 @ ° -1 s = 2 x &
S = B2 £ ¥ 2 S8 g 5 g O % 3
T & 2 3 £ § % § 2§ £ gz ¢ %
3 2 £ -;-E, §3 © 53 2 3 S £ & &
- X @ @ Ve < Q Qo Z -~ C -~ «n
. | |
Visual acuity X | X !(MV)‘ X X E X X| X X P X
Duepth
discrimination | X X X X X{X! X[ X X XX
Movement ‘ i
discrimination ; X | X | X X X Xi{ XX | XMV X X
Flicker
discrimination | X { X | X X X X X
Brightness
discrimination ; X [ X | X X MV X | X X X| X
Brightness
sensitivity X X X ((MV)] X | X X X
Color
discrimination | X | X | X (MV)Y] X X X X1 X X

« Voriable being measured
(From Waulfeck et al., 1958)
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PROBABILITY OF DETECTION (%)

100

75

25

BuHAVIORAL FACTORS

100.0 r

20.0 A— bl-

\ | DISTANCE
FROM FOVEA

10.0+ 7
\\\k 4°

VISUAL ANGLE

1.0

1 (] ] [ §
5 4 3 2 1 O©
BACKGROUND LUMINANCE

Visual angle of the smallest detail that can be dis-
criminated as a function of background luminance.

" | ’ i 1 1

1
o2 0.4 X 0.8 (Ke) (] 14 L6
VISUAL ANGLE (min}

Probability of target detecticn as a function of target
size (visual angle) when target is known.
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PERCENT ORSERVATIONS CORRECT

BYHAVIORAL FACTORS
DISPLAY, MOVING ELEMENT THRESHOLD DLTECTION

Accurate tracking (control-display respconse) requires
detectin of movement of a displayed element. Very slow
moveme 1 ¢l the element tends to degrade the accuracy of
tracking as well as detection of real vs noise targets.
The following movement rates are required for effective
operator rzsponse:

Threshold of Movement Detection.e.g., moving
element viewed against a texturéd background:

1 to 2 min/sec
Moving element against uniform background:
10 tc 20 min/sec
Phi movement threshold:
30 t5 99/sec

Blurring threshold:

i2° to 30°/sec

100

ANGULAR SUBTENSE OF STIMULUS
IN MINUTES AT ONSET

L3
3
6
12
30
60

bPoDnveoOod

A A ' A

15 20 25 30

PEIRCENT DISTANCE TRAVELLED

Threshold Data for Visual Judgment of Target Motion During
Rendezvous.
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BEHAVIORAL FACTORS

w KEY
— A% Window Size

I VD Viewing Distance
n vo fi] Viewing Angle
il MROL Minimum Resolvable Objeat

ﬂ lﬂ’ 3 Length
Argl. Subtended at Eye by
8 1 MPO

] h Crbit.  ahtwde

K GR Grou . Range, Naut Miles

o
I

I Geometrical Relationships for

: l Computing Optimum Direct Vision
i l' 1 Capabilities.

-

peed

MROL

GR

THZORETICAL CAPABILITIES OF DIRECT, UNATDED VISION

Orbital Orbital Orbital Minimum resolvable Ground range, nautical miles (By viewing
altitide velocity prriod olject lengib distance 1o 7 in. vebicle window)
h wiles n.p.h. brs-min. (MROL) f3. 12in, 14 in 16 in.
113 17,446 1:28 1730 66 56 49
505 16,663 1:41 7732 295 253 220
738 16,245 1:49 11,300 431 369 322
993 15,821 1:53 15,204 579 496 434
1485 15,089 2:16 22,738 866 742 649
2006 14,415 2:36 30,715 1170 1003 877
3542 12,854 3:40 54,325 2066 1771 1549
5059 11,723 4:50 77,643 2951 2529 2212
7585 10,362 7:00 116,141 4425 3742 3317
10,026 9414 9:20 153,518 5849 5013 4385
12,576 8658 12:00 192,563 7337 6283 5501
15,653 7950 15:30 239,678 9131 7826 6846
17,708 7563 18:00 271,144 10,330 8854 7745
20,053 7184 21:00 307,051 11,989 10,026 8771
22,289 6872 24:00 341,289 13,003 11,145 9749

TIME TO VIEW GROUND OBJECTS AS A FUNCTION OF ORBITAL ALTITUDE
(7 in. Window, 12 in. Viewing Distance)

Orbirdl Tinte,to Orbital Time ty
altitude view altitnde view
(miles) (min) (mriles) (min)
113 0.422 7,585 121.5
505 1.48 10,026 248
738 2.37 12,576 489
93 3.45 15,653 1111
1485 .87 17,708 2080
2006 947 20,053 5550
3542 24.20 22,289 w
5059 49.70
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BEHAVIORAL FACTORS

Earth Radius
Satclihite Altitude

Slunt Range to Object

Look Angle from Satellite

Aspect Angle of Object
Subtended Esrth Central Angle

Simplified Geometrical Relationships for

Forward Area Scan From Satellite

THEORETICAL CAPABILITIES OF DIRLECT, UNAIDED VISION: FORWARD SCAN

Orbital, altitnde, nnticnl miles

Look 100 150 200 250
owple ! R} y [ R} y / R} y ] \ ¥
0 00 100 90 00 150 W 0.0 200 % 040 250 9%
s 2.1 1003 849 33 151 848 4.4 202 847 3.0 252 K46
10 44 1027 797 6.6 152 79.6 2.0 204 79.4 11.4 254 793
20 88 1053 694 136 160 691 18.7 214 68.8 239 267 68.5
30 142 1165 590 219 175 S58.5 29.7 213 SAl IR0 292 876
40 207 131.7 486 319 198 479 43.8 267 471 §7.6 344 464
SO 298 153 380 4.2 241 39 63.5 32§ 358 #2.2 411 34.7
60 5 210 270 698 323 253 98.0 443 236 1293 572 217
0 70 35 147 1308 554 113 2125 878 6.1 —_ = -

#m time 10 pass over ohgeet, scconds.
S ne slant range to dﬁt, nautical miks.
= aspect angle of «

*
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Interior Light - Foot Candles

BEHAVIORAL FACTORS

o
! IR,
12 /

u Ll

9 ] T

6 /AN
5 HINEVIRY,
4 [/ /

3 [V AV
LA A N

N vd

ol//////

0 1 2 3 4 : 6 7 8 9 10
Outside Light - Thousand Foot-Candles

Glare Recovery Time Curves
for Map Reading After 5 Min. Exposure to Qutside Light
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p S— — ——y Vi 5000
. . [
9 ,' n '/l./" P/L 14 P/L- or L‘\

-
N\

A M s

A PO

2 . f__\ X
) N\~ REGRESSION LIME
11 |—,72 .

2.99)
3 L . -

TN

3 - - s.one
2.9
2.8 ‘ y .
2.9 ‘
2.6

LOGC SOURCE LUMINANCE (FOOT LAMBERTS)

.8 . - 5.301¢
a4

23
22 -
t J

. A'/-—v..vm‘ 4 «“iNe

LOG YLLUMINATION AT EYE (LUMENS ¢FT.0)

—31-36 -
—-103-108

W
e 712
—19-24
}—25.30
—37-42
$5.40
L €166
—61-72
—73.78
—7’-“
85~ 90
— 91..9¢
—97.102
109314

|
REZOVERY TIME (SECONDS)

Rec ery time for visual task performance following brief (0.1 sec)
exposure to various light intensities. The solid curve indicates
visual task performance with object luminance ot 0.07 ft-L and the
dotted lines indicate performance with higher luminances. The flash
intensity is indicav2d in the ordinates.
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160

120 |-
100 ~\-\
80— \
60~

40|~

20

SOUND PRESSURE IN DB (RE 00002 DYNE/CM?2)

140 b e

AREA OF NO HEAR'NG

AREA OF FELLING

'AREA OF HEARING

(o] =
0 ol o g vl
10 100 1000 10,000
FREQUENCY IN CPS
Threshold of audibility as a function of frequency.

50 -
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Average speech spectra,

3-25




ACTORS

I
3

bEHAVIORAL

0EON palinbat 91 jainb 2'UILING 320Y\)

B[y pue swood Butjjelp §IMUID

0#ON [Od1UD Y PUB PUBLILO, "SADLJ0 [EBLIUID
#3348 13410

OLYON e g3y ao0j wnwinepy

S9VIN &unaiBiaiug ydy 1oy ajqedtsag
yeao1y

StON uoyjedtUnWItod auoydalay uanbosg

090N UONBITUNW WO 10311P SNONULIUO )
{paendal pasn wawdmbs
213y w BEIIE 13410 puE sdoys ‘Sad1YJ0)

UoNIEE19 U0 duoydalal put

09DN UOTIBIUNWWOD JI3LTP U WL UL

ORI URWIWDY

0LON 33104 PIpIE S][BI1I1D3[IUOU [BUOLITBII()
LLEXL I RTH ATERTV 31N

(AT wnwWixe]y Ta1y
SNOILLVIINIINIKOD

HO33dS HOd VI3 LIHD 3SION

SNOILYOINUNINOD NOSHIJ-OL-NOsHid

te oz 0168 L 9

() A0NVISIq

c t e 2

-

o
oo
(]

/1

(=3
-

o

o
v

q—vﬂc/

,/
N~
/J

10554

Tl |
S~

/

1Y/

<
@
TAATT ADINAYIIHILNI HOIAAS

=3
o

NOUTVIININ IO
HI33dS HOL SAAH 1) 1IN VIHL LD 48 N

{zH) GNV8 3AVLO0

0096 008y 00¥2 0021 009 00¢ (11} |13
008y 0092 002! 008 00t 0% 173 S sM
i
1
s 1°1
[/ 1 Oﬂ
f Of-ON
[ —— } oy
—— -
—
SP-ONS_ os
l/
/]
[ [s5-ON / s
=N
04-2N /Z
7 _ 09
!
i /
_
1 I I 06
‘(2¥ 0InB1d ) (AT IDUILIJINN,
{O23dg o)) uo poBEYy IQ AT NOYJIGEIIIIT IIEN0SE ‘C g
JO [V PAIBWITISI UB PIIIRD JOU Op »11IWAIINbaI uojIEIjUNW
-Wos puB ‘ApeIIS put jB|j £|3Af1R[O1 »; WNIIOIdS IsTOU §I . LON

1L T T
L'o 2q 19w sa[qR{[A8 Fvavd.]
<%0 [€O1311> a1¢ Spiom PI)sios]
£°0 padirbaa w1 « sufuBosal aouUIy
(wnuttujw) w18y pasodol 20§
Xapuf uofig(noNLy UoRIEdUNW WO ) Jo LICIRIID

(xzani

NOLLYTINDILUY) NOILVDINANIOD HO33dS

{40Qo2nu 20000 21 up) 1IAIT IUNSS3IHd ONNOS

3-26




£

BEHAVIORAL FACTORS

ELBOW PERCENTILES (LB)
JIRECTION ANGLE

ot FORCE DF5) 5TH 50TH 95TH 5.0.
L R L R L R L R
PUSH 60 22 34 79 92 164 150 k3 38
90 22 36 83 86 172 154 5 33
120 26 kI3 929 103 180 172 42 43
150 30 42 m 123 192 194 48 45
180 42 50 126 138 196 210 47 49
PULL 60 26 24 64 63 110 74 23 23
90 32 37 80 88 122 135 28 30
120 34 42 94 104 152 154 34 kR
150 42 56 112 122 168 189 37 36
180 50 52 116 120 172 17 37 37
LEFT 60 12 20 2 52 62 87 17 19
20 10 18 33 50 72 97 19 23
120 10 22 >0 53 68 100 18 26
150 8 20 29 54 66 104 20 25
180 S 20 30 50 64 104 20 26
RIGHT 60 17 17 50 42 83 82 21 20
90 16 16 48 37 87 68 22 18
120 20 15 45 34 89 62 28 17
150 15 15 47 33 113 64 27 18
180 13 14 43 34 92 62 22 24
uP 60 15 20 44 49 82 82 18 18
90 17 20 52 56 100 106 22 22
120 17 24 54 60 102 124 25 24
150 15 18 52 56 110 118 27 28
180 9 14 ) 43 83 88 23 22
DOwWN 60 18 20 46 51 76 89 18 21
90 21 26 49 53 92 88 20 20
120 21 26 51 58 102 98 23 23
150 18 20 4 47 74 80 16 18
180 13 17 35 4] 72 82 15 18

HUNSICKER, 1955,

SITTING POSITION

Maximum force exerted in the sitting position on a
vertical handgrip at various elbow angles (right hand)
(left hand); male college students.
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BEHAVIORAL FACTORS

Maximum force exerted in the sitting position with the hand grasping
(thumb away from body palm forward) at various elbow angles by the
right and left arms of male college students

. ?

i *

DIRECTION ELBOW PERCENTILES (LB)
OF FORCE ANGLE -D-
(DEG) 5TH 50TH 95TH
L R | L R L R
PUSH 60 | 35 34 | 82 96 | 76 2| a2 39
% | 25 25 | 59 65 | 04 N7 | 27 2
1201 15 20 | 40 43 80 n|owe 7
150 [ 13 17 | 38 36 | 6 59| 30 14
180 | 14 12 | 30 32 | 47 s8] 10 s
PULL 60| 23 16 | s4a 5 87 93} 23 2
% | 13 13 ; 42 43 | 68 | 9
120 | 14 a1 | 40 40 | 66 63 | 18 17
150 | 16 1t a0 37 | 62 6 | 15 17
180 | 17 s | 40 39 70 73 { 18 19
RIGHT 60| 16 18| 38 64 73| 1z 19
% | 12 16 | 32 39 | 46 72 | 12 24
120 | 14 37 31 34 | ss 64 | 13 15
150 | 12 | 32 32 | e 60 | 15
180 | 12 14 ) 29 29 | 43 48 9 12
LEFT 6 [ 17 13 | a2 36 81 0] 20 7
%0 | 16 13 |33 3 52 48 | 12 1z
120 | 14 12 | 28 30 | 45 46 8 1
150 | 12 2 2 3 43 52 | 10 1
180 | 8 10 | 27 28 | a4 a¢ | w0 10
up 60 | 20 17 | 49 45 89 7 | 2 2

90 24 21 75 é3 3 107 29 27
120 38 4 94 88 152 143 33 i3
150 44 7 104 103 164 161 36 46
180 45 51 1 113 173 165 40 34

DOWN 60 20 20 58 59 138 132 41 35

90 23 17 80 82 160 143 43 37
120 35 29 84 92 136 148 33 13
150 43 17 84 93 136 150 29 35
180 36 | 7€ 87 124 135 28 32

HUNSICKER AND GREEY, 1957,
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BEHAVIORAL FACTORS

ELBOW PERCENTILES (LB)
DIRECTION | ANGLE 53 SOTH 95T H 5.0.
OF FORCE | (DEG)

Lt R | L R L R | L R
PUSH 60 | 33 40 | 86 94 | 138 156 | 35 36
%0 [ 27 25 | 60 65 | 93 100 | 28 24
120 |17 23 | 43 46 | 7 70 | 17 s
150 |15 18 | 37 a0 | 6 66 | 18 18
_180 (12 a7 [ 32 32 | s2 59 |13 12
PULL 60 [ 20 13 [ 39 37 | 6  s0 | 18 16
0 1z e |3y 3 | a5 sa |18 13
120 |12 13 f 30 2 | s6 43 | 14 10
150 |15 12 |32 29 | 52 48 | 13 10
180 {16 11 |3 2 | & 8 | 15 12
RIGHT 60 |20 19 [ &2 @ 6 12 | 15 19
% |7 12 | 3 3N 0 64 | 12 15
120 |17 9 |3 26 | s3  s3 ! 8 13
50 [ e | m o | sa 39 | 10
0 [ 15 10 28 9 | 4 | s 7
LEFT 60 [ 18 16 | 36 48 | s 73 [ 15 1
0 |11 16 f 27 39 | s 59 | w1
120 |10 s |22 3¢ L 3@ &7 |0 W
10 | 9 18 | 23 32 | 53 a5 | 6 7
80 w0 16 | 20 3 | 49 57 | 13 3
up 0 L 22 23 | 57 a9 ! 100 79 | 22 20
9 |37 28 [ 77 69 |-123 u2 | 24 29
120 | a5 a1 | v 9y | 1as 13 | 30 30
150 | 58 43 [0 99 | 159 1es | 32 38
180 j 47 35 Jwr 95 J o 1se | 1 3s
DOWN 60 | 1w 23 [ 74 8 [ 339 is8 | 35 35
90 |2 22 |75 83 | 136 142 | 24 35
120 129 37 | 75 92 | w8 &1 | 40 35
150 | 39 a0 y 79 90 | 126 154 | 29 34
0 | 34 a1 | 76 87 | 13 w3 | 3 3

HUNSICKER AND GREEY, 1957.

90° 60°

SITTING POSITION

Maximum force exerted in the sitting position with the
hand grasping (thumb toward body, palm rearward) at
various elbow angles by the right and left arms of male
college studeuts.
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B VIORAL FACTORS

Piten
Distance A Distance B, Maximum controller angie (unconstraincd), deg
. . Rigm Roll Left Roli ] Forward Rearward
Pilot N Pitch Pitch
Measured at elbuw angle of -
-1 130* 180° s0° 130° 90* | 130° 90° 130° 90" 130° v0° | 130°
1 15.00 {19.00 | 26.25 13.00 | 12,50 105 105 80 15 45 35 30 =0
2 11.50 |18.00 ; 25.00 12,75 | 11.50 90 100 90 10¢ 65 70 30 30
3 13.00 }18.00 | 25.00 13.00 | 12.00 90 20 90 95 55 60 3o 35
4 12,00 |18.00 | 25.00 13.00 | 12.00 8s LH] 75 80 50 45 30 30
3 14.00 [18.50 | 26.00 13.00 | 12.50 90 95 90 100 &C 65 30 30
6 14.50 }18.50 } 27.00 13.75 | 13,75 90 100 90 100 75 L 45 40
7 12.50 }18.00 | 25.0v 12.7% 11,50 90 90 105 105 70 5 30 a0
8 13.50 }18.50 § 27.00 13.25 | 13.00 100 95 100 100 80 5 o 30
9 13.30 }18.50 | 27.00 13.25 | 13.00 90 90 105 105 45 45 40 40
10 13.00 |17.56 | 27 50 13.75 | 13.50 90 100 90 105 75 65 85 55
11 14.50 ]18.75 | 28.50 13 25§ 13.7% 90 105 90 105 60 75 30 30
Average 113.35 |18.30 | 26 30 13.15 | 12,63 91.8 96 914} 973 61.8 60.4 34.5]| 350

Measurements of the arms of pilots using a mockup of a sidearm controlier, and of the
unconstrained angular deflections they could achieve in roll and pitch with the controller.
Data were taken with the arm straight or flexed as shown, The preferred neutral position
for the controiler was found to be 8% to the right and 15% forward of the vertical. The
preferred arm position was a slight forward extension from 90°,

Force Capabilities Using Side-Arm Controller
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BEHAV1CRAL FACTORS

Handwheel/Crank Position, Diameter vs
Force Requirements

PR
- SIZE
o

- i Handwheel (W), Diamater in Inches;

£ z Crank (C), Radivs in Inches

= o AT

5 = TORQUE
o @ al OF

u [o] > R . .

x a - Oin. lb 40 in. Ib 90 in. ib
24 0 w 3-6 10 16
36 w 3-8 10-16 16

[§ w 3.6 10 10
0 C 1%-4'5 4%-7A 44-7%
39 90 w 3-10 1¢-16 16
90 C 2%-4%4 4%-7% 4%-7%h
40 —43 w 36 &6 10-16
—d45 C 2%.7% 4%7% 4%-7%
42 45 w 34 10 10-16
45 [+ 2%-4% 2%-4% . 4%
48 0 w 36 8-16 1016
0 [ 2%-4% 4% 4%7%

These data were based on setting the control device in only one revolution. The authar infers
that for less than 90-degree tura, hondwheels would be more effective than cranks,

HEIGHT

o
o

4 -

P A BN

I

—as°®

Ma_.

L Y .

F.o-
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BEHAVIORAL FACTORS

Guiding Principles for positioning Control Units

Energy
i'ype of control Speed Accuracy expenditure Range Load
Horizontal lever good poor poor poor up to ca. $ ke
E Vertical good moderate good poor uptoca.13kg
iever
Joy-stick  smail good moderate poor poor ca. 1 kg
& large good poor good poor ca.2-9kg
Gear lever good good poor very poor uptoca.9kg
Crank small good poor very poor  good - 0-9-25kg
lever arm:
/' up to 120 mm
I ; big poor very poor good good over 3-5 kg
lever arm:
150 -220 mm
Handwheel poor good moderate  moderate 2-25kg
diametar
‘ 180500 mm
Knob with continuous
function small poor good very poor  moderate upto450cmg
diameter
10-30 mm
large very moderate poor moderate up to 2500 cmg
poor diameter
35-75mm
Knob with step good good very poor  very pcor 350-1500¢g
functions diameter
i 25=100 mm
Ry

.

Eummary of the principal features of common control systems
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BEHAVIORAL FACTORS

VEHICLE DYMAMIC RESPONSE VS. PILOT OPINION

VERY RESPONSIVE, SENSITIVE,
DIFFICULT TO TRi. OFFICIR T
TO TRACK NEAR UNSAFE.
REQUIRES ALL PILOT ATTENTION
.3 [ ™ 00TH AlR.

1.3 [ l l’
7’
VERY MIGHLY RESPONSIVE -] - 1
1.2 TO POINT OF BEING TOO SENSITIVE X
PILOT-INDUCED OSCILL ATIONS. AY
LIGH, FORCES. PILOT LIKES \
V STICK MOTION, VERY GOOD \
/ z 4 a 1
1.1 / 7 SLOW DELATED AND HEAVY,
[*] 4 NOT RE SPONSIVE ENOUGH
] AUTTLE DIFFICULT 10
NG MAKE SMALL CHANGES
“ 1.0 § FORCE ALITTLE MEAVY  -—d
o . VERY RESPONSIVE, SENSITIVE, / 4 MOTION ALITTLE LARGE
"] TOO QUICK. PILOT-INDUCED FOR SMALL CHANGES.
bl OSCILLATIONS. DIFFICULT TO A 'y
TRIM, TRACKING VERY DIFFICW T, Z I
* 9 —- FORCE LIGHT, STICK MOTION SMALL —— .} — -~ —— _—_} . -
1
o — r .
i ! o ‘
5 8 | SLOW RESPONSE WAVE TO
<} * [] QUITE RESPONSIVE, A LITTLE a / REVERIE CONTROL TO $TOP,
W ] SENSITIVE, OSCILL ATORY DISFICULT TO MANEUVER
o 1 ALITILE DIFFICULT 1O TRIM SLUGGISH, DEAD FORCE
w AND TRACK PILOY TE"DS TO ALITTLE MG MORE
g $ INDUCE OSCILLATIONS. FORCE —— MOTION THAN PILOT LIKES
3 I LIGHT  STICK MOTION GOOD . /
@ [ /
2 6 1
-
Y .
z } ALITTLE DEL AYED OR S1.OW
a ' INITIALLY, THEN OVERSHODTS. SLOV, DEL AYED, DEAD, VERY 3LOW, SPONGY, NOT GOOD
S TRIM ALITTLE DIFFICULT DIFFICULT TO MANEUVER PILOT MUST LEAD THE AIRPLANE.
2 5 1 TRACK A LITTLE DIFFICULT. TRIMS WELL FORCE FEELSLIKE A SOMBER, STICK FORCE
o FORCE A LITTLE HIGH, INITIALLY HEAVY, THEN H'GH INITIALLY, THEN LIGHTENS.
w LIGHTENS. STICK MOTION _ MORE STICK MOTION THAN PILOT
a ALITTLE MORE THAN L7" LIKES. "LIKE DENDING A BRODN.
- — PHOT LIKES.
4
m -
g

SLOW INITIALLY, THEN
TAXES OFF REAL AFTCG

CLOSE TO UNFLYABLE
L4 . T
o OReran e e SAFE IN STRAIGHT AND LEVEL
.2 LOSE TO UNSAFE  —————— | OR VERY SMALL MANEUVERS.
f AIRPLANE TENDS TO GO
UNSTABLE HANDS OF F
FEELS NEAR NEUTRAL POINT,
R | S N
A 2 3 .4 .5 6 7 & 910 1.5

SHORT PERIOD DAMPING RATIO

The curves denote approximate boundaries of pilot opinion as measured on a five point opininn
rating scale based on flight testing in a variable stability fighter-type aircraft, The rating scale
is shown below. The inner curve bounds the acceptable region. The outer curve bounds the
acceptable-poor and unacceptable regions. The data points show the '"Best Tested' configurations.
The comments are summaries of prevalent pilot remarks in various regions of natural frequency
and damping.

Pilot Opinion Rating Scale

1. Optimum: This configuration is the best all around. It combines best precision of control with
most comfortable control.

2. Acceptable, Good: Noticeably better than acceptable but still could be improved. For example,
very comfortable to fly but not the best control precision.

3. Acceptable: In this configuration, the airplane's mission could be accomplished reasonably
well, but with considerable pilot effort or attention required directly for flying the airplane.

4. Acceptable, Poor: Airplane safe to fly, bu* vilot effort or attention required is such as to
reduce seriously the effectiveness of the airplane in accomplishing its mission.

5. Unacceptable: Pilot effort or attention required to the extent that the airplane's ability to
accomplish its mission is doubtful. Or, airplane would be unsafe to fly if pilot's attention
is required for navigation, radio, combat, etc,
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70

60

STRENGTH OF HORIZONTAL PUSH {LBS.

50

BEHAVIORAL FACTORS

O % (no back-regr)

Without full-
pressurc suit

With full- .
pressure suit,
unpress.rized

With full-
pressure suit,
pressurized

[0 Ho* 138° 160°
ELBOW ANGLE

Strength of arra extension (push) at five elbow angles
with five conditions of back support.

Hand torque and hand flexion force which the human
can apply with and without full pressure suit.

Means of Test Resuits
HMJIoqu
Purdue Peghoard rJ'trtﬁrinr Ball Knob " Hand Flexion§
Rabt Lt Bob JAsgs Prons Swph Proms Sups Proms Sups ' Right Lot |

16.83 i7.66 2700 9.79 69.17 $7.50 73.33 85.83 118.33 117.50 110.83 111.66
8.16 816 12.66 3.63 6250 4583 7000 74.16 118.66 140.83 78.33 80.c0

600 6.83 616 200 51.66 48.66 S56.66 60.83 ‘10550 105.83 60.00 60.83

® Abbrcviations: Assy.= Assembly; Pron. s Pronation; Sup. = Suplnation,

4+ Purdue pegboard mezsurements indicate number of pins placed in holes by right band, left hand, and both
hands in 30 scc, and the number of assemblies completed in 60 sec,

$ Hand torque measurements in inch .

§ Hand flexion messurements in pounds.
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REHAVIORAL FACTORS
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BEHAVIORAL FACTORS

UMAN WORK OUTPUT CYCLING (HORSEPOWER) LIMITS

For about 1 second 6 horsepower
5 minuves .5 to 2 horsepower
Up to about 150 minutes .4 to .5 horsspower
8 hours .2 horsepower

(Wwilkie, D.R., Man as a Source of Mechanical
Power, Ergonomics 3: 1-8, 1960)

LEG STRENGTH

The following maximum forces can be ap-
plied to pedal controls by the average man assuming
proper kack support and ptimum leg angle:

Up to 400 pounds of force can be applied by
an average man in area A of the graph below, up
to 600 pounds in area B. Line C represents a recom-
mended optimum path of pedal travel where force
application is considered a requirement.
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A Dser
- 0
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MEAN OF RECIPZOC AL DETECTION TIMES {SEC )

BEHAVIORAL FACTORS

H

B

g
¥

MEAN NUMBL® OF FALSE RESPONSES

.ml-
Vi
O Gew A (2-2)
Q20 Q Gow b (&4
O GpC -4
@ Gwed (-8 '
o L ) ) ‘ . T\j\_y/:.
-4 - -» w-2¢ ¢ 7-12 13-18 =24
PERIODS OF PERFOMMANCE PERIODS OF PEAFORMANCE
Detection Time Probability of False Response
wo
LS
(2-2 = two hrs
on, two hrs off) -

8
14

PERCINT CORRICY
T

»r
-
«k O G A 2-2)
© Growpd (4-4)
O Grop € (-4}
L @ Goop D (8-8)
0 2 i 1 4
[ Yera -1 W24

0., OF PERFORMANE§

‘<tory Vigilance

Performance Efficieucy vs Werk-Rest Cycle Configuration
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MEAL OF RECIPROC AL RESPOIISE T12LS (SEC .}

MEAN NUMBIR OF COPRICT AP /(RS
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- Q Grawp A (2-2)
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o O Guup C -4
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B
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Probability Monitoring
(Response to Red Lights)
-
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L
L
L
-
=
-
- O Grow s (22)
O Growd -0
i O Grow € (b4)
- € Gruw 0 (0
4 A i '
™ 7-12 -0 "-2¢

M0CS OF PEaromanct (M s )

Arithmetic Computation

MEAN OF RECIPROC AL RESPONSE +4 ALS (SEC.)

4

BEHAVIORA! tACTORS

-
QO Geowp A (2-2}
O Gowpl (44
© Growp C (6-0)
@ Group D (3-8
0 A k. A i
o] 72-12 13-18 19-24
PERIODS OF PERFORMANCE
(Response to Green Lights)
”»

}

3
t

3

L) 1~ 7 v v ¢
¢00
[y
3
)
ONne >
e
&

MEAN NUMBER OF CORRECT RESPONSES

Growp
Growp C {6-6)
L. © Growp O (8-9)
=
-] i 4 L. i
6 712 3-8 924
PERIODS OF PERFORMANCE

Pattern Discrimination

Performance Efficiency vs Work-Rest Cycle Configuration
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DETECTION EFFICIENCY

BEHAVIORAL FACTCRS

90

a5

({1 od

DURATION OF WATCH IN MINUTES

Predicted event detection efficiency of group
of raaar operators in terms of alerted perfor-
mance as a function of watch duration.
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BEHAVIORAL FACTORS

HUMAN BEHAVIORAL RESPONSE VS ENVIRONMENTS (GENERAL)

ENVIRONMENT COMFORT ZONE DISCUMFORT/
POSSIBLE DAMAGE
Acceleration 0 -0.1g > g
Atmospheric Pressure 10 - 20 PSIA 8 PSIA
Atomic Radiation 0 - .2 Remiyr 15 Rem/yr
Carbon Dioxide 0 - 1700 PPM 40,000 PPM
Carbon Monoxide 0 - 100 PPM 3,000 PPM
Electricity(60 cycle) 0 -1MA 10 MA
Heat Loss 330 - 1450 BTU/hr|>3,000 BTU/hr
Humidity 30 - 70 % <10 -~ »90 %
Light 20 - 100 Ft-c >10,000 Ft-c
Mechanical Vibration 0 -1 cps 10 cps
¢ - .005 inches .05 inches
Noise 0 - 85 db >95 db
Oxygen 15 to 60 % >60 7%
Shock Waves 0 - 2.5 psig >7 psig
Temperature 65 - 759F <30 -~ >100°F
Ventilation 13 = 20 cu ft/min{<5 - >50 cu ft/min
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SERIOUS
IMPAIRMENT UNACCEPTABLE PERFORMANCE ZONE

INCREASING

INCREASING
IMPAIRMENT

NO EFFECT

BEHAVIORAL

—Thresholds for +G. acceleration.

Criterion
Loss of perip
vision
Blackout

Unconsciousness . . .

7] Mean | standard

M(lnn
threshold, | deviation.
C G
heral
4.1 + 0.7
47 + 08
5.4 +09

Effects of Hypoxemis and Gx Acceleration on Visual Performance

Response of Several Visual Functions to Hypoxemia
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INCREASING
SERIOUS

INCREASING

BEHAVIORAL FACTORS

53
(V2]
O

T T T T T
- 06— PATTERN PERCEPTION

| _O—O ALERTNESS

o—o0 MEMORY

" O— COMPUTATION

70}—4—> DECISION MAKING

&4 ATTENTION

-

60—

b

50—

-

O e e

30—

IMPAIRMENT UNACCEPTABLE PERFORINMANCE 20%NE

UNACCEPTABLE PHYSIOLOGICAL ZONE

20 -
z |
w L -
=
o« |
g 10— ] -
oo
= L | -
= |
0 ] , ! ] ]
100 95 90 85 80 75 70 65 60 55
% ARTERIAL O, SATURATION
- plll l [ R 3L LE l R ] ] L l RJ ) 1 3 lfﬁl
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[V . T T T 3 .
b nsre;ri.’,:er i 'no? _ 910 73 P, AMBIENT
) 123 45 6 7 8 9 10+G,BREATHING 0,AT Spsio
L] 1 4 LB 1 ¥ ¥ k] H 1}
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Effects of Hypoxemia on Some Intervening Mental Processes
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BEHAVIORAL FACTORS

APPROXIMATE ALYITUNE BREATHING AIR - It
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General Effect of Hypoxia on Arterial Saturation and Body Function

Time Concentration Curve for Adaptation to CO2

CONCENTRATION OF COz IN MM HG
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TIME CONCENTRATION RELATIONSHIP IN ADAPTATION TO INCREASED CO2 CONCENTRATION BASED ON
EXPERIMENTS IN HUMANS AND ANIMALS AND TOLERANCE LIMITS FOR CHRONIC CO2 TOXICITY BASED ON
THREE DIFFERENT LEVELS OF ACTIVITY




BEHAVIORAL FACTORS

Human Performance Under Abnormal O2 and 002

ALVEOLAR Pcg, — MM HG (BTPS)
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T.4§ GRAPH SHOWS THE RELATIONSHIP OF ALVEOLAR Oz AND CO; COMPOSITION TG PERFORMANCE. THE

SCALES ARE PARTIAL PRESSURES OF THE TWO GASES, AT BODY TEMPERATURE AND PRESSURE, SATURATED
WITH WATER (BTPS). ABOVE THE DASHED LINE LABELED ‘'NORMAL ALVEGLAR CO2" ARE ZONES OF IN-

CREASING HYPERCAPNIA, LIMITED BY THE ZONE OF COp NARCOSIS. BELOW THE DASHED LINE, MARKED AS
ZONES OF INCREASING HYPOCAPNIA, ARE LOWER LEVELS OF ALVEOLAR COz, WHICH ARE COMMONLY THE
RESULT OF EXCESSIVE RESPIRATORY VENTILATION. THE LEFT SIDE OF THE GRAPH SHOWS LOW LEVELS
OF ALVEOLAR P0y, LABELED ZONES OF “SEVERE HYPOXIA” AND “HYPOXIC COLLAPSE,” AND THESE
HYPOXIC ZONES COMBINE WITH HYPER- OR HYPOCAPNIA TO AFFECT PERFORMANCE AS SHOWN.

NORMAL PERFORMANCE IS SEEN WHEN THE GAS TENSIONS FALL IN THE CLEAR AREA: IMPAIRED PER-
FORMANCE IN A HAND-STEADINESS TEST IS SHOWN BY SHADING, AND THE RESULTS CF TWO OTHER PER-
FORMANCE TESTS ARE PLOTTED AL SO TO INDICATE THE VARIATION TO BE EXPECTED WHEN **PERFORM-
ANCE".iS VARIOUSLY MEASURED.

NGRMAL PERFORMAMCE

] NORMAL ALVEGLAR P(o,

[ ) -

REDUCEC MU'T.PLE COMPLEX COCRDINATICN TEST :
'MPAIRED PERFCRMANCE

7
%557 %
.

80 90 100

ALVEOLAR P0, — MM HG (BTPS)
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BEHAVIORAL FACTORS

Typical

Effects of Vibration on
Human Beings
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EFFECT UPON FREQUENCY | DISPLACEMENT
RESPONSE | PERFORMANCE |  (HZ) (IN)
= —
Respiration Decremental 3.5%6.0 0.75
Control Decremental 4.0t8.0 0.14t0 0.61
Aiming Decremental 15.0 0.07 t0 0.12
Decremental 5.0 0.035 to 0.055
Decremental 35.0 0.03 t0 0.05
Hand Decremental 2.5% 3.5 0.50
Coordination
Foot Pressure Decremental 251035 0.50
Consistency
Visual Acuily Ducrementa, 1.0 to 24.0 0.024 to 0.5.8
Decremental 35.0 0.03t0 0.05
Decresents! 40.0 0.065 |
Decremental 70.0 0.03
Deciemen.d! 2.5t 3.5 0.5
Tracking Decremental 1.0 to 50.0
Decremental 25135
Attention Decremental 2.51%0 3.5 0.5
Decremental 30.0 to 300.0 0.02 to 0.2
m




BEHAVIORAL FACTORS

Temperature for Comfort Requirements

WET BULB TEMPERATURE
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BEHAVIORAL FACTORS

TEMPERATURE VS PERFORMANCE

1200 Tolevable for about l-hour, bur far
above acceptable physical or mental
activity range

85 Mental activity slows, errors begin
75 Physical fatigue appears
65 Optimum for physically active;

sedentary requires about 70-72°
to be comfortable¥*

50 Physical stiffness of extremities
begins

Notes: Humidities between 30 and 70 % are consid-
ered comfortable by most people.

65 - 75°F,
63 - 71°F.

*Summer comfort zone
Winter comtfort zone
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BEHAVIORAL FACTORS
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Free Volume per Man (cu. ft.}

BEHAVIORAL FACTORS

Threshold Volume Requirements According to Durztion of Mission

Duration Threshoid of acceptable Threshold of unacceptable'

(days) volume - Cubic Feet volume - Cubic Feet
1 50 25
2 75 25
3 90 25
4 105 30
S 115 35
6 120 35
7 125 40
10 135 50
20 140 170
30 150 85
>60 ?150 7150
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